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Abstractor EP1 327497 

An angle grinder (10) is provided including a 
rotating handle configuration allowing the handle 
(14) of the angle grinder to be locked in different 
positions relative to the angle grinder housing 
(12). A switch (24) mounting configuration is 
provided for simplifying the assembly of the 
switch device (24). A gear wheel lock mechanism 
(680) is also provided to allow the grinding wheel 
spindle (32) to be prevented from rotating during 
removal or installation of a grinding wheel on the 
spindle (32). A gear case (18) cooling and air 
bleed arrangement are also provided. 
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(54) Angle grinder 

(57) An angle grinder (1 0) is provided including a ro- 
tating handle configuration allowing the handle (14) of 
the angle grinder to be locked in different positions rel- 
ative to the angle grinder housing (12). A switch (24) 
mounting configuration is provided for simplifying the 



assembly of the switch device (24). A gear wheel lock 
mechafi&m (680) is^'also provided to allow the grinding 
wheel^spTndle (32), to be prevented from rotating during 

. remoyaLor installation of a grinding wheeLon the spindle 
(32),:Afg^ar.caseX18) cooling and air bleed arrange- 

- ment ara.'als6 provided. - 
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Description 

[0001] This application claims the benefit of U.S. Pro- 
visional Application No. 60/347,426. filed on January 10, 
2002. The disclosure of the above application is incor- s 
porated herein by reference in its entirety. 
[0002] The present Invention generally relates to an- 
gle grinders, and generally describes various features 
of a large angle grinder (LAG). It will be appreciated, 
however, that other angle grinders are known in the art, io 
including medium angle grinders (MAG) and small angle 
grinders (SAG). Therefore, it will be further appreciated 
that each of the herein described features may be read- 
ily adapted for use with a LAG, MAG, and/or SAG. 
[0003] Angle grinding tools are commonly used for i5 
grinding and sanding applications. Angle grinders In- 
clude a rotary shaft for driving a grinding wheel mounted 
thereon. The present application describes several im- 
provements for angle grinders. 

[0004] Further areas of applicability of the present in- 20 
vention will become apparent from the detailed descrip- 
tion provided hereinafter. It should be understood that 
the detailed description and specific examples, while in- 
dicating the preferred embodiment of the invention, are 
intended for purposes of illustration only and are not in- 25 
tended to limit the scope of the invention. 
[0005] The present invention will become more fully 
understood from the detailed description and the ac- 
companying drawings, wherein: 

30 

Figure 1 is a side, partial cross-sectional view of a 
large angle grinder according to the principles of the 
present invention; 

Figure 2 is a cross-sectional view of a rotatable han- 
dle having a handle lock in an engaged position; 35 
Figure 3 is a cross-sectional view of the handle lock 
in a disengaged position; 

Figure 4 is a perspective view of a rotating trigger 
switch for a large angle grinder; 
r* '- Figurei 5 is a cross-sectional view of the rotating trig- "40 
ger switch of Figure 4 taken along line 5-5; 
Figure 6 is an cross-sectional view of the rotating 
t.-^ trigger switch of Figure 4 taken along line 6-6; 
Figure 7 is a schematic view of an alternative switch 
of the rotating trigger switch arrangement for a large 45 
angle grinder; 

-'^ Figure 8 is cross-sectional view of a handle portion 
Including a switch carrier mounting system and a 
'paddle switch; - 
' Figure 9 is a perspective cross-sectional view of the so 

handle portion of Figure 8 detailing the paddle 
'■ switch; ' * 

Figure 10 is a perspective view of an interconnec- 
tion mechanism for the.switch carrier mounting sys- 
tem; 55 
Figure 11 is a cross-sectional view of the handle 
portion including a mechanical motor brake illustrat- 
ed in a braking mode; 



Figure 12 is a cross-sectional view of the handle 
portion including the mechanical motor brake illus- 
trated in a non-braking mode; 
Figure 13 is a perspective schematic view of com- 
ponents of a motor according to an embodiment of 
the present invention; 

Figure 14 is a schematic view of a first preferred 
embodiment of a soft start circuit; 
Figure 15 is a graphical representation of a voltage 
jump using the soft start circuit of Figure 14; 
Figure 1 6 is a schematic view of an alternative em- 
bodiment of a soft start circuit; 
Figure 17 is a graphical representation of a voltage 
ramp using the soft start circuit of Figure 16; 
Figure 18A is a plan view of a first exemplaiy em- 
bodiment of a motor armature; 
Figure 18B is a perspective view of a motor arma- 
ture detailing an exemplary embodiment of a wind- 
ing scheme; 

Figure 1 9 is a perspective view of a brush housing 
of the motor; 

Figure 20 is a plan view of the brush housing of Fig- 
ure 19; ' 
Figure 21 is a perspective view of an alternative 
brush housing of the motor; 
Figure 22 is a plan view of the brush housing of Fig- 
ure 21; 

Figure 23 is a schematic illustration of a preferred 
field winding arrangement; 
Figure 24 is side view of the field winding arrange- 
ment; 

Figure 25 is a cross-sectional view of the field wind- 
ing arrangement; 

Figures 26 through 28 are schematioil lustrations of 
alternative field winding arrangements; 
Figure 29 is a cross-sectional view of an air flow and 
labyrinth path system of the large angle grinder; 
Figure 30 is a front view of a stator assembly of-the 
air flow system of Figure 29;- ; -- z * * " 

Figure 31 is a cross-sectional view oftabearing sup^ 
port section of the large angle grinder including a 
felt ring; . - / . v'^=^ - :. 

Figure 32 is a cross-secjional viewTOithe bearing 
support structure of the- large angle, grinder includ- 
ing an alternative placement for the felt ring of Fig- 
ure 31; 

Figure 33 is a side view of a pinjon.jgear having a 
reinforcing ring; J'T. . 

Figure 34 is a bottom yiew-of the'pini^^^^^ Fig- 
ure 33; . . * ' 
Figure 35 is a side view of the pinion gear of Figure^ 
33 detailing interconriection with a motof .spindle; - 
Figure 36 is a top view of a^housing^haying an air 
cooled gear case; ' . Jr* - f:- '. 

Figure 37 is a perspective view of a gear case in- 
cluding a radial spindle lock; 
Figure 38 is a perspective internal view of the gear 
case of Figure 37; 
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Figure 39 is a top internal view of the gear case of 
Figure 37, detailing components of the radial spin- 
dle lock; 

Figure 40 is a cross-sectional view of the gear case 
of Figure 37; 5 
Figure 41 is a side view of a keyless blade clamp; 
Figure 42 Is a cross-sectional view of the keyless 
blade clamp of Figure 41 taken along line 42-42; 
Figure 43 is a side cross-sectional view of an alter- 
native embodiment of a keyless blade clamp; io 
Figure 44 is a top view of a- bearing assembly Im- 
plemented with the alternate, embodiment of the 
keyless blade clamp of Figure 43; 
Figure 45 is a detailed view of a ball bearing in a ^ 
first position within the bearing assembly; is 
Figure 46 is a detailed view of a ball bearing in a 
second position within the bearing assembly; 
Figure 47 is a perspective view of a large angle 
grinder having a spindle lock; 
Figure 48 is a cross-sectional view detailing com- 20 
ponents of the spindle lock of Figure 47; 
Figure 49 is a perspective view of a large angle 
grinder Including an'alternatlve spindle lock; 
Figure 50A Is a cross-sectional view detailing com- 
ponents of the spindle lock of Figure 49; 25 
Figure SOB is a plan view of the lever illustrating a 
disengagement position for the spindle lock of Fig- 
ure 49; 

Figure 51 is a cross-sectional view of a tool-less 
grinder wheel removal mechanism Illustrated In a so 
clamped position; 

Figure 52 Is a cross-sectional view of the tool-less 
grinder wheel removal mechanism of Figure 51 il- 
lustrated in an undamped position; _ . 
Figure 53 Is a cross-sectional view of an alternative 35 
tool-less grinder wheel removal mechanism illus- 
trated In a clamped position; 
Figure 54 Is a cross-sectional view of the alternative 
tool-less grinder wheel removal rhechahism of Fig-. ; . 
ure 53 illustrated in-an undamped position; 40 

Figure 55 Is a cross=sectlonal view of a second alr-^ 

tematlve tooMess fgrlnder wheel removal mecha- _ . 
nism illustrated in a clamped. position; 
Figure 56 is a crossrsectional view of the second 
alternative tool-less grinder wheel removal mecha- ^5 - 
nism of Figure 55 Illustrated in an undamped posi- 
tion; ' • .-SL : — : 
Figure 57 is a top view of a pin interiock of the sec- - 
ond ajternaitive. tool-less grinder wheel removal 
mechanism of Figures 55 and 56; > : .--''so 
Figure 58 is a cross-sectional view of a portion of a " 
double wall gear case; T* . - . 
Figure 59 is a crossL7sefctipnal view of the complete * 
double wail gear case, detailing internal compo- 
nents of the gear case; 55 
Figure 60 Is a plan view of an adjustable wheel 
guard In a latched position; 
Figure 61 Is a plan view of the adjustable wheel 



guard of Figure 60 in an unlatched position; 
Figure 62 is a plan view of an altemative embodi- 
ment of an adjustable wheel guard; 
Figure 63 Is a side view of the adjustable wheel 
guard of Figure 62; 

Figure 64 is an exploded perspective view of anoth- 
er alternative embodiment of an adjustable wheel 
guard; 

Figure 65 is a plan view of the adjustable wheel 
guard of Figure 64; 

-Figure 66 is a plan view of another alternative em- 
bodiment of an adjustable wheel guard in a latched 
position; 

Figure 67 is a plan view of the adjustable wheel 
guard of Figure 66 in a unlatched position; 
Figure 68 Is a top view of a wheel guard mount hav- 
ing a slot formed therein; 

Figure 69 Is a side, partial cross-sectional view of a 
hand adjustable wheel guard; and 
Figure 70 Is a bottom view of a large angle grinder 
that implements the hand adjustable wheel guard 
of Figure 69. 

[0006] With reference to Figure 1 , a large angle grind- 
er (LAG) 10 Is shown. The LAG 10 includes a housing 
1 2 having a handle portion 1 4, a field case 1 6 and a gear 
case 18. The handle portion 14 is preferably fixedly at- 
tached to a first end 20 of the field case 1 6 and the gear 
case 18 is preferably fixedly attached to a second end 
22 of the field case 1 6. The handle portion 1 4 preferably 
supports a switch 24 and associated components. The 
field case 1 6 supports a motor 26 having a motor spindle 
28 that extends into the gear case 18 for driving a 
gearset 30 supported therein. A wheel spindle 32 pref- 
erably extends from the gear case 18 and is driven by 
the motor spindle 28 through the gearset 30. The axis 
of rotation of the motor spindle 28 is generally perpen- 
dicular to the axis of rotation of the wheel spindle 32. A 
grinder wheel 34 is selectively attachable to the wheel 
spindle 32 and is rotatably driven thereby. - 
[0007] The motor 26 Is In electrical communication 
with the switch 24 through wires 36. The switch 24 Is 
further in electrical communication with a: power source - 
via a cord 37 Including a plug (not shown). The handle 
portion 14 preferably Includes an opening 38, opposite 
the connection end, through which the cord 37 runs. A 
trigger 40 Is In mechanical communication with the 
switch 24 for selectively supplying power to the motor 
26:The trigger 40 may be pivotably supported at a pivot 
point '44, within the handle portion 14. The trigger 40 
preferably includes a bracket 46 that engages with the 
switch 24.* In a first position, the trigger 40 operates the 
switch 24 to OFF. Depression of the trigger 40 toward 
the handle portion 1 4 operates the switch 24 to ON. thus 
Initiating operation of the LAG 10. 
[0008] In an exemplary embodiment, shown in Fig- 
ures 2 and 3 the handle portion, designated as 14', is 
rotatably connected to the field case 16. The intercon- 
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nection between the field case 1 6 and the handle portion 

14' is a Itp/groove-type connection. The connection end 
of the handle portion 14' includes an opening 58 that is 
generally of a larger diameter than the outside diameter 
of the connection end of the field case 1 6, which is par- 5 
tially received into the handle portion 1 4'. The field case 
16 includes a plurality of grooves 60 that receive a plu- 
rality of tabs or lips 62 disposed around the internal cir- 
cumference of the handle portion 14'. The lips 62 each 
include a circumferential bearing surface 64 that engage io 
the grooves 60 for enabling smooth rotation of the han^ - 
die portion 14' relative to the field case 16. The lip and 
groove engagement prevents the field case 1 6 from be- 
ing pushed into the handle portion 14' or pulled out of 
engagement with the handle portion 14'. As the handle is 
portion 14' rotates relative to field case 16, the lips 62 
slide radially within the grooves 60. In a preferred em- 
bodiment, first and second felt strips 66 are included for 
sealing between the handle portion 14' and the field 
case 1 6. The first and second felt strips 66 are disposed 20 
within, and adhere to, the grooves 60, respectively. 
[0009] With continued reference to Figs. 2 and 3, a 
handle lock 80 is preferably provided for locking the han- 
dle portion 14' in one of a plurality of rotational positions 
relative to the field case 16. The handle lock 80 is in- 25 
eluded to prevent rotation of the handle portion 14' rel- 
ative to the field case 16 during operation of the LAG . 
10, The handle lock 80 is generally quadrant shaped 
and is pivotably supported at a pivot point 82 within the 
•handle portion 1 4' and biased in a first (locking) direction 30 
by a coil spring 84. A first face 86 of the handle lock 80 
contacts a fon^/ardly extending surface 88 of the trigger^ 
40 and a second face 90 contacts a face 92 of a wall 94 - 
formed about the internal circumference of the handle:^: - , 
portion 14'. The wall 94 includes a plurality of grooves =r 35 
96 formed therearound. An arcural face 98 of the handle ' 
lock 80 may include a manually engageable lever por- 
tion 100 that extends outside of a groove 102 of the han--f • 
die portion 1 4'. The lever portion 1 00 is preferably mov-.^.^ 
able In a first direction within the groove 1 02 against {he^-^^ ^o. 
. bias of the spring 84, causing the handleJock 80 to pivot;.!*.' , 
about the pivot point 82. . . - . .^-^r . 

[001 0] In a first position, as illustrated in Figure 3, the-I^ ^~ 
handle lock 80 prevents depression of4he trigger 40 by..^ 
obstructing rotational motion of the trigger 40 about the"-45 
pivot point 44. The second face 90 of the handle lock 80 
is prohibited from pivotal movement about the - pivot '^c 
point 82 by the face 92 of the wall 94. To -engage the"t> . 
handle lock 80, the handle portion 1 4' must be sufficient-^ ; 
ly rotated until the second face 90 aligns with one of the* :s;5c? - 
plurality of grooves 96 in the wall 94. Upon alignment 
with a groove 96, the handle lock 80 is biased by the coil; | - 
spring 84 and pivots, thus seating the second face 90 1 
of the handle lock 80 into the groove 96. In this second ^ - 
position, the handle lock, prohibits the handle portion ss 
1 4' from rotating relative to the field case 1 6. In addition, 
the first face 86 of the handle lock 80 no longer obstructs 
pivotal movement of the trigger 40, and the trigger 40 is 



free to initiate operation of the LAG 10. 
[0011] If rotation of the handle portion 14' is desired, 
the lever portion 100 is pivoted back within the groove 
102, against the biasing force of the coll spring 84. and 
the handle portion 14' is rotated slightly to disalign the 
handle lock 80 and the groove 96. The handle portion 
1 4' is then rotatable, until the second face 90 of the han- 
dle lock 80 aligns with and subsequently engages an- 
other groove 96 when the lever portion 1 00 is released. 
[0012] With particular reference to Figures 4 through 
7, an altemative embodiment of a trigger is shown. A 
trigger ring 1 1 0 is preferably supported by and rotatable 
about the handle portion 14. The handle portion 14 is 
cylindrical in form and fixed with respect to the field case 
1 6. The trigger ring 1 1 0 is selectively rotatable between 
the field case 1 6 and the handle portion 1 4, and includes 
a formed outer diameter having a plurality of peaks 112 
for facilitating easy grip. As best seen in Figure 5, the 
trigger ring 110 may be supported by a plurality of 
screws 114 that run within arcural grooves 116 formed 
through an internal face 118 of the trigger ring 110. The 
trigger ring 110 Is preferably biased in a first rotational 
direction by a spring 120 and further includes a contact 
track 122 formed on the internal face 118. The contact 
track 1 22 includes a lower portion 124 imnriediately prior 
to a ramp portion 1 26 after which is formed a dwell por- 
tion 128. The contact track. 122 is preferably arcural in 
shape, similar to the grooves 116, and is in contact with 
a link 130', 

[0013] In a first exemplary embodiment, as shown in 
Figure 6, the link is a lever arm 130' which is pivotal 
about a pivot point 1 32; A first end 1 34 of the lever arm 
130' includes a contact point 136 that is biased, by a 
-^.spring.138 acting against the first end 134.of the lever- 
arm 130' and into contact with the contact track 122. A 
. second end 140 of the lever arm 130' is in mechanical 
communication with the switch 24. 
[0014]- In a second exemplary embodiment, as shown 
- in Figure 7, the link is a quadrant 130", which- is pivotal- 
about a pivotpoint 1 32". A.first face 142 of the quadrant 
1 30''jncludes a contacLpoint 1 44Jhat is biased by a coil 
spring -145 acting against a.spring-tab 143 on the quad-. 
-. raht:i;30",-into contact with the contact track 122. A link 
146 connected to the quadrant 130" is in communication . 

with the switch 24. - 

[0015] For either embodiment, the LAG 10 is OFF 
when the contact^^oint 136, 144j respectively, is resting 
within lower portion-124> Asthe trigger ring 110 rotates, 
the contact track.:122 rotates relative to the stationary 
contact point 136, 144, respectively. AS:the contact point 
136, 144 encounters the ramp portion 126, the contact 
point 1 36, 1 44 rides upward along the ramp portion 1 26 
.and piyotsrthe link ;thereby switching the LAG 10 ON. 
With the trigger-ring l 1 0 rotated just enough for:the con-, 
tact point 136, 144 to be on the ramp portion 126, any 
release of the trigger ring 110 wiircause the spring 120 
to bias the trigger ring 122 back, whereby the contact 
point 136, 144 is again in contact with the lower portion 
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124 and the LAG 10 is OFF. However, upon sufficient 
rotation of the trigger ring 1 1 0 the contact point 1 36. 1 44 
travels past the ramp portion 126 and into contact with 
the dwell portion 128. The dwell portion 128 is generally 
raised relative to the lower portion 124 and includes a 5 
lip 148 for preventing the spring 120 from biasing the 
trigger ring 122 back. With the contact point 136', 144 
in contact with the dwell portion 1 28. the LAG 1 0 is con- 
tinuously operable without holding the trigger ring 110 
in position. To discontinue operation, the trigger ring is io 
^-turned in an opposite rotational direction with sufficient 
. force for the contact point 136, 144 to ride over the lip 

148 and back down to the lower portion 124. 
^[0016] With reference to Figures 8 through 10, an al- 
ternative trigger system is detailed. The trigger system is 
includes a switch carrier 160 disposed within the handle 
portion 14 and a paddle trigger 162 for selectively acti- 
vating a switch 164 supported within the switch carrier 
160. The switch carrier 160 preferably includes a hous- 
ing 166 for mounting the switch 164 therein and an 20 
opening 1 68 for receiving an arm of the paddle trigger 
1 62 for activating the switch 1 64, as will be described in 
further detail below. The housing 166 preferably in- 
cludes an end 172 having a shell portion 1 74 extending 
therefrom, as best seen in Figure 10. The shell portion 25 
174 includes an upper wall 176 and a pair of sidewalls 
178. The sidewalls 178 each include a formed recess 
180 running along their respective lengths. The upper 
wall 1 76 includes a generally rectangular opening 1 82 
with a first tab 1 84 extending upward from an edge 1 86- so 
of the opening 182, and also including a recess 188 
formed in a front face 190. 

[0017] The switch carrier 160 is preferably attached 
to a square hub 1 92 that extends from-the field case 16. - _ 
As best seen in Figure 10, the square hub 192 includes . 35- 
a front face 194, a top face 196, a bottom face 198 and 
side faces 200. In SAG or MAG applications, the square 
hub -1 92 preferably houses a bearing (not shown) for ro- - 
tatably supporting the motor spindle 28 and motor com- . 
mutator (not shown), and further supports motor brush 40 
housings~(not shown). Extending upward from the . 
square hub 192 is a second tab-202 having a lip 204 
- formed on the end. The square hub 1 92 further includes - 
rails 206 disposed along each side face 200, running 
vertically generally parallel to the front face 194. Each 45 
rail 206 Includes a sloping front face 208 that terminates 
into a sloping top face 210 which terminates with .a 
squared back face 212. , . - • 

[0018] The shell portion 174 of the switch carrier 160 
may slldably receive a. portion of the square hub 192 so 
therein. Specifically, the recesses 180 of the sidewalls 
-178 of the switch carrier-160 are aligned with the rails 
206 of the square hub 1 92 for slldably receiving the rails 
206 therein. As the switch carrier 160 is slid into con- 
nection with the square hub 192, the second tab 202 ss 
extends upwards through the opening 182 of the switch 
carrier 1 60. Once the switch carrier 160 is fully received 
on the square hub 192, the first and second tabs 184, 



202 interface, whereby the lip 204 of the second tab 202 
is received into the recess 188 of the first tab 184 for 
releasably engaging the square hub 192 and the switch 
carrier 1 60. The first and second tabs 184, 202 are gen- 
erally fonmed to produce an interference fit therebe- 
tween, thereby biasing the first and second tabs 184. 
202 into engagement. 

[0019] To disengage the square hub 192 and switch 
carrier 1 60. the second tab 202 is manually biased from 
engagement with the first tab 1 84 and the switch carrier 
160 is slid from engagement with the square.:hub 1927 
In this manner, the switch carrier 160 of the present in- 
vention enables easy assembly and'disassembly of the 
- switch 164 into the LAG 10, thereby simplifying-^manu- 
facture and easing maintenance; ~ 
[0020] With reference to Figures 8 and 9. the paddle 
trigger 1 62 Includes a paddle portion 220 with a first ami 
222 extending therefrom. A second arm 224 preferably 
extends upward from and generally perpendicular to the 
first arm 222. A face 226 of the second arm 224 is in 
contact with the switch 164 for selectively activating the 
switch 1 64. Pivot posts 228 perpendiculariy extend from 
either side of the first arm 222. The pivot posts 228 are 
received into apertures 230 of the handle portion 14 for 
facilitating pivotal support of the paddle trigger 1 62. 
[0021 J The paddle trigger 1 62 further includes a pad- 
dle lock 232 for selectively preventing depression of the 
paddle trigger 1 62. The paddle lock 232 is pivotally sup- 
ported by the paddle portion 220 about a pivot 234 and 
includes a lock switch 236. The lock switch 236 is biased 
toward a first position by a coH spring (not shown), 
whereby the lock switch 236 lays flat against the paddle 
portion 220. contouring to the paddle portion 220. The 
lock switch 236.is rotatable to a second position, against 
the bias of the coil spring. In the second position, an end 
240 of the lock switch 236 seats within a groove 242 of 
the handle portion 14, creating a column between the 
paddle portion 220 and the handle portion 14. In this 
-manner, depression of the;paddle trigger 162 is prohib- 
ited. To enable depression^f the paddle trigger 1 62, the 
Jock switch 236 is .flipped:out of.engagement with thej. 
groove 242, back to the first position. 
[0022] A- locking member.244 is further included and 
is' slidably supported withimthe handle portion 14. The . 
-locking member 244 locks the paddle trigger 162 in a 
depressed position, whiereby the LAG 1 0 is continuously . 
activated.' -l^z ^ 11: 

'[0023] Once :the:LAG .1 Ol is inioperatioo, a motor ar- - 
-mature spins at a relatively high rate within the fleld.case > 
1 6, as will be discussed in^furtherdetaihriereinbelow. As 
a result, the motor armature JauUds up a .significant 
amount of rotational inertlaV Infimediately after the LAG 
10 Is switched off, the motor armature continues to spin 
within the field case 16, gradualiy'slowing to a stop. Dur- 
ing the gradual slowing of the free-spinning motor arma- 
ture, the grinder wheel 34 also continues to spin, grad- 
ually slowing with the motor armature. As a result, an 
operator must wait until the armature and grinder wheel 
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34 slow to a stop before setting the LAG 10 down, 
changing the grinder wheel 34, or performing other op- 
erations. 

[0024] An exemplary embodiment of the present in- 
vention provides a mechanical motor brake 260, as de- 
tailed in Figs. 11 and 12. The mechanical motor brake 
260 is preferably in mechanical communication with the 
trigger 40 of the switch 24 for selective implementation. 
The trigger 40 is preferably in mechanical communica- 
tion with a link arm 262. an end of which is connected 
to a generally frusto-conically shaped first-brake wheel. 
264 that includes an external brake surface 266. The 
. first brake wheel 264 is rotatably supported about an ex- 
tended end of the motor spindle 28 and 1s fixed from 
rotation by the handle portion 14 through a spline en- 
gagement 268. The first brake wheel 264, however, is 
axially slidable relative to the handle portion 14 along 
the splines 268. A spring 270 is also included and is dis- 
posed about the motor spindle 28, immediately behind 
and in contact with the first brake wheel 264. The motor 
spindle 28 extends from the motor 26 and is fixed for 
rotation with a second brake wheel 272 that includes an 
internal brake surface 274. The spring 270 biases the 
first brake wheel 264 into engagement with the second 
brake wheel 272. further biasing the link arm 262 in a 
forward direction. 

[0025] The first brake wheel 264 is selectively en- 
gageable with the second brake wheel 272 for retarding 
rotational motion of the motor spindle 28. The trigger 40 
includes an elbow arm 276 that slidably Interfaces a slot 
278 of the handle portion 14 and is plvotally connected 
to the link arm 262. The trigger 40 may further include 
a spring 280 for biasing the trigger 40 to an OFF position 
(see Figure 11). Depression of the trigger 40, to an ON. 
-position (see Figure 12) against the bias of the spring 
280, causes the pivot of the elbow arm 276 and link arm 
262 to slide within the slot 278 until contacting an end 
of the slot 278, thereby pulling the link-arm 262 and first 
-..brake wheel 264 out of engagement with, the second 
'" 'brake wheel 272, against the bias of the spring 270. 
.Once disengaged, the second.brake.wheel 272 is free 
to rotate^thus enabling unrestricted rotation of the motor 
^spindle.28; • - ^ 7^ - ■ -.^ 
[0026] -^Upon release of the trigger 40, the-spring 280 
'biases the trigger 40 to the" OFF position, releasing the 
elbow arm 276 from forced engagement with the end of 
the slot 278. In the OFF position,.power to the motor 26 
~ is'cutand the motor spindle 28 spins freely, as described 
'above. The. link arm 262 moves in:the fonA/ard direction- 
and the first brake wheel 264 again engages-the second . 
brake wheel 272. The engagement of the first and sec- 
ond brake wheels 264, 272 retards the'inertial rotation 
of the motor spindle 28, f thereby .braking the grinder, 
wheel 34 from free-spin. - . - • : 

[0027] The mechanical motor brake 260.may option- 
ally include a lock 290 for locking the motor spindle 28 
from rotation. The lock 290 is selectively engageable 
with the second brake wheel 272 and includes a lever 



arm 292 that is pivotally supported within the handle por- 
tion 14 about a generally central pivot point 294. A first 
end 296 of the lever arm 292 includes a tooth 298 for 
selective engagement with a tooth surface 300 disposed 

5 about the external circumference of the second brake 
wheel 272. The first end 296 of the lever arm 292 further 
Includes a switch 302 that extends through a slot 304 in 
the handle portion 1 4 and is slidable on an external sur- 
face 306 within the slot 304. A second end 308 of the 

10 lever arm 292 is pivotally attached in a slot 31 0 by a post 
312 that extends from the first brake wheel 264. Back- - 
ward and fon^/ard movement of the first brake wheel . 
264, resulting from depression and release of the trigger- . 
40, respectively, pivots the lever arm 292 about the gen- 

15 erally central pivot point 294. 

[0028] As shown in Figure 11. the first and second 
brake wheels 264, 272 may be engaged to retard rota- 
tional motion of the motor spindle 28. Additionally, the 
lever arm 292 is in an engaged position with the second 

20 brake wheel 272 thereby, locking the brake wheel 272, 
thus prohibiting rotation of the motor spindle 28. For- 
ward movement of the switch 302 causes the lever arm 
292 to pivot about the generally central pivot point 294. 
As a result, the tooth 298 of the lever arm 292 is disen- 

25 gaged from the tooth surface 300 of the second brake 
wheel 272. Furthermore, the second end 308 of the le- 
ver arm 292 slides to an opposing end of the slot 310. 
[0029] As shown in Figure 12, the lock 290 is prohib- 
ited from engagement with the second brake wheel 272 

30 upon depression of the trigger -40. As the first brake - - 
wheel 264 is pulled back from the second brake wheel 
272 by depression of the trigger 40, as described above, - ... 

the post 31 2 is also pulled back. As the post 31 2 is pulled - 

back, the second end 308 of the lever ami 292 contacts . ^■ 

35 an end ofthe slot 31 Oandis thus pulled by the post 312, —-.-r-.-- - . 
causing clockwise pivoting of the lever arm 292 about "* - 
the generally central pivot point 294. Clockwise pivoting 
of the lever arm 292 disengages the tooth from the tooth ■ - - - r- 

- surface 300 of the second brake wheel 272. In this man- 

40 ner, the lock 290 is prohibited from locking the motor--^ i^;=r' 

spindle 28 during powered drive of the motor 26..; .^ur. 

.[0030]. The lever arm 292 may pptionally include a.first . 
detent .320 that interfaces a corresponding second de--^^ -.^r:nr,,.. 
tent 322 formed on an internal structure ot the handle. 

45 portion 14. In an exemplary embodiment, the first and - 

second detents 320, 322 are formed from plastic and • * v- 

. are therefore, slightly elastic. Alternatively, the first and - - 
second detents 320, 322 may.lnclude first and second . 'i y. . rv . ^ _ 
springs (not shown). The interface between the first and. ....r^ v - . 

50 ^second.detents320, 322 requires an.amount of force to i;:...^;-'::^'-. . • - 
be applied to either the first or second ends 296, 308 of 

- . the lever arm 292 to enable the lever arm 292 to pivots v;^ -. ' 

- about the generally central pivot point 294, In this man- ...... 

ner, the lock 290 is prohibited from accidental engage- : r *:V> 

55 ment or disengagement. . 
[0031 ] The mechanical motor brake 260 and the lock - - 
290 improve the overall usefulness of the LAG 10. By 
immediately braking the rotation of the grinder wheel 34, . 
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the mechanical motor brake 260 enables an operator to 
quickly access the grinder wheel 34 or perform other du- 
ties, without requiring a waiting period for the grinder 
wheel 34 to slow from the inertial rotation of the motor 
26. Additionally, the lock 290 enables the changing of 
grinder wheels 34 without requiring an extra tool for pre- 
venting the grinder wheel 34 from free spin. 
[0032] The motor 26 is preferably a universal series 
motor of a type commonly known in the art. With partic- 
ular reference to Figures .1 and 13, the motor 26 gener- 
ally includes the motor spindle 28, a motor armature- 
330, a field pole 332, field windings 334, a commutator- 
assembly 336, brush holders 338 and electrical leads 
340. The electrical leads 340 link brushes 342 to the 
switch 24 for selective connection with a power source. 
[0033] The field case 1 6 Is preferably of open cylindri- 
cal shape supporting the field pole 332 about an inside 
circumference 344. The field pole 332 may be formed 
from sheet-steel laminations fastened to the inside of 
the field case 1 6. The field windings 334 are formed from 
repetitive windings of wire disposed on either side of the 
field pole 332. The field windings 334 generally include 
"run" windings and "brake" windings. Power from the 
power source runs through the run windings creating an 
electric field for causing rotation of the motor armature 
330. After cutting power to the run windings, the motor 
.armature 330 continues to spin, slowly decelerating to 
a stop, as described in detail above. To reduce the de- 
celeration time, the brake windings generate an electric 
field, generally opposite that of the run windings, from 
residual currentlnduced by the spinning motor armature 
330. This feature is described in further detail hereinber - 

low.- - ^ 

[0034]- The motor armature 330 is preferably fixed.for ^ 
rotation with the motor spindle 28 and comprisesra cy- 
lindrical core of sheet-steel disks 346 punched with pe- 
ripheral slots, air ducts and a spindle hole. The disks 
346 are aligned on the motor spindle 28,-'a -first end of . 
which Is supported by a bearing 348.at a4«st end-of.the 
field case 16, through the commutator- 336; A bearing 
350 seats within an aperture 352.bf-the gearcase 18.for 
supporting a second end of the motor^pindle 28i.A 'se- 
>ries of- copper conducting wires- are- wound in various 
patterns about the peripheral'slits of^^the amiature.disks 
346, the ends of which are soldered to the^commutator 
336. The series of wires are referred to as "windings" - 
354 (see Fig. 13). . ^ 

[0035]. - The /commutator- SSS -^ includesPl^hardi-drawn^. 
.copper segments or commutat6r'3segmerits-356,- insuT 
lated from each other and the motor spindle-by mica. • 
The commutator 336 is fixed for rotation with the motor 
spindle 28 and provides an electricaUcolinection be-r ' 
.tween the rotating armature 330 and tho;^ stationary ' 
brushes 342. The brush holders 338^'eaGh-slidably'sup- 
port a cartDon brush 342 that is In periodic contact with . 
the commutator segments 356. Generally, the station- . 
ary brushes 342 are held in contact with a top surface 
358 of the commutator 336 by spring tension (as will be 



discussed in detail hereinbelow). The brushes 342 com- 
plete the electrical link between the rotating commutator 
336, anmature 330, and the switch 24. 
[0036] The switch 24 acts as an electrical bridge be- 
5 tween the motor 26 and a power source. As described 
previously, the switch 24 is in mechanical communica- 
tion with the trigger 40. Depression of the trigger 40 
. causes the switch 24 to complete the electrical bridge, 
thus providing power to the motor 26 from the power 
10 source. 

":^^[0037] -r With particular reference to Figure 14, a pre- 
ferred embodiment of the switch 24 includes a soft start 
• ~ ^circuit 370: The soft start circuit 370 may include a first 
switch 3721n' series connection with a resistor 374 and 
15 a second switch 376 in parallel connection with the re- 
sistor 374. The first and second switches 372, 376 are 
interconnected wherein the second switch 376 has de- 
layed movement compared to the first switch 372. The 
delay period between the first and second switches 372, 
20 376 is predefined by a delay mechanism 378. The delay 
mechanism 378 may be one of many known in the art, 
including a spring dampened delay mechanism or the 
like. The spring dampened delay mechanism transmits 
. movement to the first switch 372 via a spring which op- 
25 erates through a damper that effectively delays opera- 
tion of the second switch 376 as is known in the art. A 
. first terminal 380 of the soft start circuit 370 is in electri- 
cal communication with the power source and a second 
' * * terminal 382 is in electrical communication with the mo- 
30 - tor 26.- - - v. . _ . ... . 

[0038] Depression of the trigger 40 causes the first 
switch-372 to close, thus providing power to the second 
- -terminal 382 through the resistor 374. During the prede^ 
^ / iined-delay period, the motor 26 is.powered at a first 
35 voltage:iVi which results from, the voltage division cre- 
ated by the resistor 374. After the delay period, the sec- 
ond switch 376 is closed, thereby powering the motor 

- - 26 through the parallel path. This is due to the current 
: seeking the path of least resistance through the soft startr 
40. . circuit 370. The.motor 26 is thereby powered at a second 

- ^ voltage •\/2r-directly from the.power source, whereby V2 
is.greaterthan:V:ir. Jhis is best shownrgraphically in Fig- 
ure 1 5, wherein the time 52 is the time where the second • 
switch-376.is closed, r - " . • - 

'45 [0039] With particular reference to Figure 16, an al- 
; ternative -embodiment of the soft start circuit 370' may 
include an integrated circuit 384. A switch*386 and the 

- . integrated circuit 384 are disposed between the first and 
; : second terminals 380 ,"382. Depression of the trigger 40 

.50^ results in closure-of the-switch 386;: thus powering the 
motor 26 through the integrated circuit 384. The inte- 
grated circuit'384Junctions to ramp the voltage to an 
operating level;- designated as Vq. This is best shown . 
■ graphically in Figure 17. - . - . 
55 [0040]. The. exemplary soft start circuits 370,370' de- 
scribed above, provide a slower start voltage for the mo- 
tor 26. A slower motor start enables gradual accelera- 
tion of the various LAG 1 0 components, including the 



7 



13 



EP1 327 497 A2 



14 



motor spindle 28, gearbox components, wheel spindle 
32 and grinder wheel 34. The initial inertia of these com- 
ponents could cause an uncomfortable jolt if the motor 
26 immediately jumped to an operational voltage level. 
The gradual acceleration provided by the soft start cir- 
cuit 370 enables smooth start of the LAG 10, reducing 
any related jolting. 

[0041] With particular reference to Figure 18A, an al- 
ternative embodiment of the armature 330 is designated 
as 330'. The annature 330' preferably Includes the mo- 
tor spindle 28. a primary laminate stack 390 and a pair 
of secondary laminate stacks 392. The secondary lam- 
inate* stacks 392 are axially aligned with and are dis- 
posed on opposing ends of the primary laminate stack 
390. A spacer 394 is included between each of the sec- 
ondary laminate stacks 392 and the primary laminate 
stack 390. Both the primary and secondary laminate 
stacks 390. 392 include a plurality of slots 396 running 
generally parallel to the axis of the motor spindle 28. A 
series of windings 398 are included that are disposed in 
various patterns through the slots 396 of the primary and 
secondary laminate stacks 390, 392 and wind about 
ends of the secondary laminate stacks 392. An abrasion 
thread 400 is preferably wrapped in a pattern over the 
windings 398 at the end of the secondary laminate stack 
392, and travels down a single slot 396 in the primary, 
and secondary laminate stacks 390, 392 to wrap around 
the other end of the secondary laminate stack 392 in a 
similar pattern. As the armature 330' is caused to spin, 
the abrasion thread 400 protects the windings 398 from 
abrasion against other motor components. 
[0042] With particular reference to Figure 1 8B, a first 
exemplary embodiment of a winding scheme is detailed 
hereinbelow. The winding scheme includes a first wire 
410 wound between two slots 412a, 412b of the arma- 
ture 330 and a second wire 41 4 concurrently wound be- 
tween the same slots 412a, 412b as the first wire 410. 
The ends of the first and second wires 41 0, 41 4 are sol- 
dered to the commutator 336. It is iniportarit to note that 
-the number of times a particular wire is wound around 
.the armature 330 is defined as its number of windings. 
The winding scheme provides for a different number of 
,windings forthe first and second wires 41 0, 41 4. In other 
^ words, the number of windings about .the slots: 412a,. - 
-412b for the first wire 410 Is unequal to the number of 
windings for the second wire 414. 
[0043] As described previously, the brushes 342 
(shown in Fig. 1 3) provide electrical connection between 
-.the-rotating commutator 336 and the stationary switch - 
r'24 for providing power to the motor 26. In order for the. 
motor 26 to function properiy and perform efficiently, the 
brushes 342 should constantly and evenly contact the 
commutator 336. Additionally, during the life of the motor 
26; the brushes 342 gradually wear. Therefore, tradition- 
al motors include compensation devices, such as 
springs, to press the brushes 342 into contact with the 
commutator 336. 

[0044] Referencing Figure 1 . the LAG 1 0 also may in- 



clude the brush housings 338 mounted to respective 
support structures 422 of the field case 16. With partic- 
ular reference to Figures 19 and 20. the brush housings 
338 each include a support plate 424 having a perpen- 
5 dicularly extending bracket 426. The bracket 426 may 
include an aperture 428 therethrough for receiving a bolt 
(not shown) for attaching the brush housing 338 to the 
field case 1 6. A terminal plate 432 is preferably attached 
to the support plate 424 and includes first and second 

10 terminals 434, 436. The first terminal 434 is In electrical 
communication with the switch 24.and a brush 342 may 
be connected to the second terminal 436 by a wire (not 
shown). A brush duct 440 is* also provided; through: 
which the brush 342 is slidably disposed. A wall 442 of 

15 the brush duct 440 includes a slot 444, through which 
an arm 446 of a biasing member 448 passes. In a first 
exemplary embodiment, the biasing member 448 in- 
cludes a cylindrical housing 450 having the arm 446 ex- 
tending tangentlally therefrom. The cylindrical housing 

20 450 includes an aperture 452 therethrough whereby the 
biasing member 448 receives a pivot post 454 of the 
brush housing 338 for pivotally supporting the biasing 
member 448. A coil spring (not shown) is disposed with- 
in the cylindrical housing 450 and is anchored to the piv- 

25 ot post 454 for biasing the biasing member 448 about 
the pivot post 454, thereby biasing the arm 446 down- 
ward through the slot 444. The arm.446 .engages a top 
face 456 of the brush 342, thereby biasing the brush 342 
downward within the brush duct 440 for slidably engag- 

30 ing the commutator 336: - 

[0045] With reference to Figures 21 and 22, an alter- 
native biasing member 460 is shown for biasing the 
brush 342 against the commutator 336-and to compen- 
. -sate for.wear .ofthe;brush.342 during the lifetime of the 

35", motor 26. The biasing member 460 preferably includes 
an arm 462 and a biasing spring 464. A first end 466 of 
the arm 462 is pivotally attached to a pivot post 468 and 
a second end 470 of the arm 462 is in contact with the . 
top face 45&not shown of a brush 342. The^spring 464. 

^0 is connecte'd'at a first end to an intermediate length of 
. the arm. 462.and. is anchored, to the: supporLplate 424. . 
The spring2i64 biases the ami 462 downward -through 
the slot 444i^further^b1asing the brush 342 into contact 

' .-:.;with the.commutator 336. As the brush: 342, wea.rs, the 

45 ami 462 continuously biases the brush 342 downward, 
providing a constantelectrical connection, between the 
commutatorc336 and-the brush 342.- r . r^^^r- 
^-^[004^] - Figures 1:9:and 21include:a preferred:.embod- 
dment pfJhe. brush duct 440 as shown.-The brush-duct 

50 , 440.maytfndlgde a series of .recessesi482 that.run-along • 
a length of an Jnside wall 484.of.the brush duct 440. The 
recesses 482 create a gap through which dirt.and other . 
debris may escape. As noted previously, during the life . 
of the motor 26 the brushes 342 wear, thus creating de-^ 

55 'bris within the brush duct 440. The brush duct 440 en- 
ables unrestricted slidable movement of the brush 342 
within the brush duct 440 by reducing the amount of dirt 
and debris that would othenA/ise inhibit brush 342 move- 
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ment. 

[0047] In the simplest terms, current is selectively pro- 
vided to the motor via the switch 24. As shown in Figure 
1 3, the current travels th rough the switch 24 through one 
of the two bnjshes 342 to the commutator 336, or more s 
specifically, to the commutator segment 356 that is pres- 
ently engaged with the brush 342. From the commutator 
bar 356 the current travels through the particular wind- 
ing 354 soldered to the commutator bar 356, thereby 
generating a first flux field about the winding 354. The io 
^' ' - current ultimately travels to the end of the winding 354 
into an opposing commutator bar that is presently en- 
- gaged with the second of the two brushes 342. The sec- 
ond brush 342 is preferably h electrical communication 
with a first end of the field windings 334 (Figure 1 ) there- . is 
by enabling the current to travel through the field wind- 
ings 334. The field windings 334 mn generally parallel 
to the windings 354 of the armature 330. As the current 
travels through the field windings 334. a second flux field 
is generated, which is generally opposite to the first flux 20 
field. The opposing fields induce a resultant force caus- 
ing the armature 330 to rotate within the field case 16. 
The current ultimately travels through the field windings 
334 to ground. 

[0048] With particular reference to Figure 23, a sche- 25 
matic view of a preferred field winding arrangement 490 
is detailed. The field winding arrangement 490 includes 
first and second run windings 492, 494 in series, 
wrapped clockwise about either side of a field pole 496 
(Figure 24). The field winding arrangement 490 further 30 
includes first and second brake windings 498, 500 in se- 
ries, wrapped counter-clockwise about either side of the 
- — field pole 496, concurrently with the first and second run 
... x=j ' -windings 492, 494 as is shownJn Figures 24 and 25. ~ 
--r- -[0049] The first and second run windings 492, 494 35 
and the first and second brake windings 498, 500 are 
each in electrical communication with the switch 24. The 
^ ~- — switch 24 preferably includes a first sub-switch 502 for 
, - .completing a powered electrical circuit between the first • 
."^-r and second run windings 492, 494 and the armature 40 

' _ ^-.",^.330. The switch 24 also preferably includes a second 

' - - 1:^3- . sub-switch 504 for completing a closed electrical circuit 
- ; -v^iL- - -between the first and second brake windings 498, 500- - 
._:.,vj?e^ and the armature 3307 The^^switch 24 is configured 

whereby if either sub-switch 502,'504 is open, the other 45 
is closed. . ./ 

[0050] To provide power to the'motor 26 the first sub--- • 
• '^- "."switch 502 Is closed.-. With- the- first sub-switch 502- 
• *' . .:j<--i"^-:closed, current runs -counter-clockwise- through - the 
. --i:..^-: '^^schematic circuit of 'Figurer23:-The current path is as :50\ 

follows: through the first run winding 492, through the 
. . r;^- v.. second :run winding 494, through, a first brush 342a, 
1 through the armature 330, through a second brush 342b - 
' - • and back around through to ground The current running ^ 
' - through the first and second run windings 492, 494 gen- ss 
erates an electric field that interacts with an electric field 
generated through the armature 330, thereby causing 
^ the armature 330 to rotate in a first rotational direction. 



[0051] To cut power to the motor 26 the first sub- 
switch 502 is opened, thereby closing the second sub- 
switch 504. Immediately after closing the second sub- 
switch 504, the amnature 330 is freely spinning within 
the motor 26, thus generating a current that runs clock- 
wise through the circuit. The current path is as follows: 
through the second brush 342b, through the second 
sub-switch 504, through the first brake winding 498, 
through the second brake winding 500 and through the 
first brush 342a back to the amnature 330. As the current 
passes through the first and second brake windings 498, 
500, a flux field is generated that is generally opposite 
to the flux field previously generated by the first and sec-' 
ond run windings 492, 494, described above. The flux 
field urges the armature 330 to spin in an opposite ro- 
tational direction, thereby causing the armature 330 to 
quickly decelerate. As the armature 330 decelerates, 
the current through the circuit gradually decreases to ze- 
ro, where the armature 330 is at rest. The braking 
scheme thus provides an efficient means for slowing the 
residual inertial motion of the rotating armature 330. 
[0052] With reference to Figures 23-25, the first and 
second run windings 492, 494 are preferably created us- 
ing a common wire 51 0. Initially, the first run winding 492 
is wrapped in a clockwise direction around a first side of 
the field pole 496 then diagonally traverses the field pole 
496 to a second side of the field pole 496, where the 
second run winding 494 is wrapped in an opposite di- 
rection to the first run winding 492. The first and second 
brake windings 498, 500 are also preferably created us- 
ing a common wire 512. Initially, the first bra1<e winding 
498 is wrapped in.a counter-clockwise direction around 
the first side of the field pole 496 then diagonally travers- 
es the field pole 496 to the second, side where the sec-: ; 
ond brake winding 500 is wrapped in an opposite direc- 
tion to the first brake winding 498. In this manner, only 
three lead wires extend from the field pole 496, reducing 
cost and complexity. A first lead wire 514 connects-di— 
rectly to the power-source, a second-lead wii:iB^51 6 con- , 
nects to the switch 24 and a third lead wire 5l;8:connects, 
to the first brush 342a. The first lead wire 5.1Ais spliced., 
to fhe first and second run winding 51.0 at.pojat X in; Eig:. 
ure 23.-.The second lead wire 516 is spliced^'to the first:: 
and second brake winding wire:512 at a-point Y. The- 
third lead wire 518 is spliced to both the first and second 
run winding wire 510 and the first and second brake 
winding wire 512 at a point Z. The second-brush 342b 
is connected tojhe second sub-switch304. Ir^Jhis.man-^ 
ner, the number of lead wires are reduced;:-th'ereby sim- 
plifying manufacture.and reducing materiaLcostsr -rr 
[0053] An alternative field winding arrangement 520 
is detailed in Figure 26. The field windingrarfangement - 
520 includes first and second run windings 522, 524.and - 
first and second brake windings 526, 528 parallel to one 
another, immediately following the second brush 342b. 
Closure of the first sub-switch 502 completes an elec- 
trical circuit between the run windings 522 and the ar- 
mature 330 enabling a current from the power source to 
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travel around the circuit. The current path is counter- 
clockwise and is as follows: from the power source, 
through the first brush 342a. through the annature 330, 
through the second brush 342b, through the first and 
second run windings 522, 524, through the first sub- 5 
switch 502 and back to ground. Closure of the second 
sub-switch 504 completes an electrical circuit between 
the brake windings 526, 528 and the armature 330. The 
residual current flow, induced by the free-spinning ar- 
mature 330, of the electrical circuit is generally clock- io 
wise and is as follows: from the armature 330,. through- 
the second brush 342b, through the. first and second - 
brake windings 526, 528, through -the second sub-r. 

switch 504 and around through the first brush 342a back 

through the armature 330. is- 
[0054] Another field winding arrangement 530 is de- 
tailed in Figure 27. The field winding arrangement 530 
is similar to the field winding arrangement 520 described 
immediately above, however, the first run winding 522 
is positioned immediately prior to the first brush 342a. 20 
In this manner, the first and second run windings 522, 
524 are balanced on either side of the annature 330. 
This field winding arrangement 530 is generally used for 
European applications that require specific limitations 
on the amount of radio and TV interference a motorized 25 
tool is allowed to emit. By balancing the first and second 
run windings 522, 524 across the armature 330, these „ 
limitations are achievable. 

[0055] Closure of the first sub-switch 502 completes 
an electric circuit between the first and second run wind- 30 
ings 522, 524 the power source and the armature 330. 
The current flow is generally counter clockwise and is- 
as follows: from the power source, through the first run 
winding 522, through the first brush 342a, through. the. 
armature 330, through thorsecond brush 342b, through 35 
the second run winding 524, through the first sub-switch 
502 back through to the power source. Closure of the 

* second sub-switch 504 completes an electrical circuit • - 
between the brake windingS=526, 528 arid the armature ■ 
330. The residual current flow, induced by the free-spin- 

- ning armature 330, of the..eJectrical circuit is generally:^: . 

clockwise and is as follovfts^rfrom^the armature. 330, v.:^^ 
through the second brusbs342b, throXi'gh the- first .and.- .. 
second brake windings 526^528; through the second " v 
sub-switch 504 and aroundthrough the first brush 342a 45 
back through the armature 330. 

[0056] Yet another fleld-wMdlng . arrangement -540 is -.- - • 
detailed in Figure 28: The fieW winding arrangement 540;--^ ^-i 
balances bothihe^first and^^econd:run' windings. 522,- -r^r ' 
524, as well as the first and:€.eeond brake'wiridlngs 526,.-^ 
528, about the armature 330. Closure of the first sub- 
switch 502 completes an electricaLcircuit, whereby cur- 
rent is provided by the power source and runs counter- - - 
clockwise through the circuit,"as follows: frorfrthe power 
source, through the first run winding 522, through the 55.. 
first brush 342a, annature 330 and second brush 342b, 
through the second run winding 524 back through to 
ground. Closure of the second sub-switch 504 com- . . 



pletes another electrical circuit, whereby residual cur- 
rent flow, induced by the free-spinning armature 330, is 
generally clockwise and is as follows: from the annature 
330, through the second brush 342b. through the first 
brake winding 526, through the second sub-switch 504 
around through the second brake winding 528. through 
the first brush 342a back into the armature 330. 
[0057] With further reference to Figures 1 . 29 and 30 
the LAG 10 includes an airflow assembly 550 for circu- 
lating air through the field case 1 6. The airflow assembly 

' 550 preferably includes a fan 552 and a stator 554. The 
fan 552 is fixed for rotation with the motor spindle 28 

. and is disposed about the motor spindle 28 immediately 

'following the end of the armature 330. With particular 
reference to Figure 29, the fan 552 may include a gen- 
erally disc shaped main body 556 having a centrally dis- 
posed aperture 558 for receiving the motor spindle 28 
and a circumferential surface 560 having a plurality of 
fan blades 562 radially extending therefrom. The fan 
blades 562 are preferably positioned at an angle (i.e. 
pitch angle) relative to the axis of rotation of the motor 
spindle 28, for Inducing airflow through the field case 1 6 
as the fan 552 Is caused to rotate. First and second 
guide walls 564, 566 may axially extend from a front face 
568 of the main body 556. A first gap 570 is formed be- 
tween the first guide wall 564 and an Inside circumfer- 
ential surface 572 defined by a hub portion 573 of the 
main body 556. A second gap 574 is formed between 
the first and second guide walls 564, 566. . - 
[0058]- As detailed in Figures 29 and 30,-the stator 554 
Is fixedly attached to a back wall 580 of the gear case 
18 and extends into the field case 16. The stator 554 
includes a main body 582 having a centrally disposed 
aperture 584. The bearing 350 Is partially received .with- . 
in the aperture 584 and the motor spindle 28 is received 
through each, extending into the gear case 1 8. The main 
body 582 may include a radial recess 586 formed Into 
a front face 588 for partially retaining the bearing 350 

. therein. The stator 554 may include an outer surface 590 . 

:having a plurality of stator fins 592 extending therefrom. 

. The plurality of stator fins 592 are preferably positioned 

[ at varying pitch angles and lengths for directing airflow 
out- of various openings of the housing 12. The stator 
554 further includes a plurality of holes 594.for receiving . 
screws or bolts 596 therethrough. The bolts 596 fix the 

: Stator 554 to the back wall 580 of the gear case 18. 
[0059] A radial groove 598 is preferably .formed into a 

■back-face 600'of the main body 582 and forms.first.and. 

rsecond guide walls 602, 604. The first guide wall 602 of.. 

;-theTstator.554 is-received into the first gap 570 of the- 
fan 552 and the first guide wall 564 of the fan 552 is 

^received Into^the radial groove 598 of the stator 554. 
Further, the second guide wall 604 of the stator 554 Is 
received into the second gap 574 between the first and 
second guide walls 564, 566 of the fan 552, whereby - 
the second guide wall 566 of the fan 552 extends over 
the second guide wall 604 of the stator 554. 
[0060] A clearance fit may be provided between the 
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engaging features of the fan 552 and stator 554. where- 
by the fan 552 freely rotates relative to the stator 554 as 
it is driven by the motor 26. Further, the engaging fea- 
tures of the fan 552 and stator 554 provide a labyrinth 
path 606 therebetween. The labyrinth path 606 inhibits 5 
dust, dirt or other debris from traveling too deeply into 
the various integral components of the LAG 10. Specif- 
ically, the labyrinth path 606 inhibits debris from seeping 
between clearances in the motor spindle 28. bushing 
and stator 554 interfaces, thereby protecting the bearing io 
350 from such debris. 

[0061] As noted previously, the motor spindle 28 is 
preferably supported between a pair of bearings 348. 
350, including the bearing 350 partially received by the 
stator 554. Although the bearings 348, 350 may be any is 
type commonly known in the art, in an exemplary em- 
bodiment, the bearings 348, 350 are preferably open 
ball bearings. Open ball bearings are less expensive 
than sealed ball bearings and therefore reduce cost, 
however, they are prone to attracting dirt, thus inhibiting 20 
proper function of the bearings. To prevent this, the 
bearings 348, 350 of the exemplary embodiment each 
include a cap to prevent dirt or debris from entering the 
interior of the respective bearings. The above-described 
labyrinth path 606 between the fan 552 and stator 554 25 
further protects the open bearing from debris. 
[0062] In an alternative embodiment, as shown in Fig. 
31 the bearing 350 is pressed into the aperture 352 by 
a retention plate 610 fixedly attached to the back wall 
580 of the gear case 18. The retention plate 610 may 30 - 
include a centrally disposed stepped portion 612 having 
an aperture 614 therethrough. The aperture 614 ena- - 
bles the motor spindle 28 to pass therethrough. A felt 
ring 61 6 is provided and seats within the stepped portion r^f.: 
612 of the retention plate -6 10 between the retention : 
plate 61 0 and the bearing. The felt ring 61 6 protects the 
bearing from dirt or other debris that could pass through 
a gap 61 8 between the retention plate 610 and the motor ~ ==: 
-^ spindle 28. Such a feature is especially significant if the. .^^-i 
bearing is an open ball bearing, as described above. 40=-. 

[0063] It is also anticipated that a felt ring 61 6 may be 

disposed on the gear case side of the bearing 350; :as : 
shown in Figure 32. The felt ring 616 is retained within wc-i^ 
a recess 620 formed in a face 622 of the back wall 580 
"of the gear case 1 8 between a pinion gear 630 and the • 45*^ 
back wall 580. The motor spindle 28 passes through the 
felt ring 616 and into the gear case 18. The felt ring 616 
prevents grease from the gear- case 18 to -.migrate- "K- 
through clearances between the various internahcom- 
ponents and into the field case 1 6. - . ' . .usos^r 

[0064] The gearset 30 of the LAG 1 0 is disposed with- 
in the gear case 18 for translating rotational motion-of 
the motor spindle 28 from a first axis of rotation Q.to.the 
second axis of rotation R of the wheel spindle 32.. The - ' 
second eixis of rotation R is generally perpendicular to ss 
the first axis of rotation Q. The gearset 30 generally in- 
cludes a pinion gear 630 and a ring gear or main gear 
632. The pinion gear 630 is fixed for rotation with the 



motor spindle 28. which is rotatably driven by the motor 
26. The main gear 632 is fixed for rotation with the wheel 
spindle 32 and is driven by the pinion gear 630. The 
main gear 632 is typically in the form of a bevel gear for 
meshed engagement with the generally frusto-conical 
pinion gear 630. 

[0065] Both the pinion gear 630 and main gear 632 
should be sized accordingly to account for the amount 
of torque transmitted and the gear ratio desired. The 
higher the torque transmission that is required, the larg- 
er the gearset 30 must be, specifically, the pinion gear 
630. To reduce overall manufacturing costs, tool weight 
and tool efficiency, it is desirable to provide a gearset 30~ 
that is minimal in size and weight while maximizing the 
amount of torque transmittable therethrough. 
[0066] A pinion assembly 640 is provided, that maxi- 
mizes the transmittable torque capacity of the gearset 
30. With reference to Figures 33 through 35. the pinion 
assembly 640 preferably includes a pinion gear 642 and 
a reinforcing ring 644. The pinion gear 642 is generally 
frusto-conical in shape having spiral gear teeth dis- 
posed therearound. The pinion gear 642 includes a cen- 
trally disposed cylindrical passage 646 through its 
length. A bottom face 647 of the pinion gear 642 in- 
cludes a rectangular notch 648 for keyed interface with 
a mating component 650 of the motor spindle 28 (illus- 
trated in Figure 35). . In this manner, the pinion gear 642 
is fixed for rotation with the motor spindle 28. 
[0067] The reinforcing ring 644 is press-fit about a first 
end of the pinion gear-642, thereby strengthening and 
enabling the pinion gear B42 to transmit a torque load 
that is significantly higher than torque loads transmitta- 
ble-through equivalent^ sized pinion-gears. Therefore, 
the_pinion.assembly .640 maximizes the torque trans- 
rmission capacity of the pinion gear 642 without increas- 
ing the size of the pinion gear 642. 
[0068] As the LAG 10 operates, the interaction be- 
tween the pinion gear 630 and the main gear 632 results 
in: heat build-up within the gear. case 18. Extreme heat 
build-up-is undesirable in that it affects the performance 
-ofJhe.LAG, the.operationaUife.of .the internal. compo- 
nents.- and- discomfort if- touched: byr an operator. As. 
shown-irnBigure 36;.a.preferred embodiment of the gear . 
xase 18 of the present invention includes a round head 
portion 660. The field case 1 6 includes openings 662 on 
either side of the gear case 18 whereby each opening 
662,.iHCludes a fonwardly extending -wing 664; Airflovy- 
(designated.'by arrows) induced by the-fan 552 is direct- 
edrout through the openings 662 by-the stator .554 and - 
isvfurther directed by the wings 664-to travel about the- 
circumference of the gear case 18, The air is effectively 
"pinched'-between the wings 664 and the outside of the 
gear case ^ 8 forcing the air to travel. at increased speed 
acro'ss the'surface of the gear case 18. The airflow car- 
ries away heat generated within the gear case 1 8. there- 
by cooling the gear case 1 8. In this manner, the perform- 
ance of the LAG 10 is maintained and the operational 
lives of the internal components are extended. 
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[0069] As previously discussed, the grinder wheel 34 
is selectively fixed for rotation with the wheel spindle 32. 
As shown in Figure 1, the grinder wheel 34 is received 
onto the wheel spindle 32 and may be secured thereto 
by a nut 670. The grinder wheel 34 may be removed for 
several reasons, including LAG 10 maintenance, re- 
placement of a broken or worn grinder wheel 34, or ex- 
changing the type of grinder wheel 34 used (e.g. fine, 
coarse). 

[0070] Traditional LAG'S 10 require the use of two 

- . . > tools to remove the grinder wheel 34 from the wheel 

spindle 32. One tool is used to prevent the wheel spindle 
- ' V 32 from rotating while the second tool is used to unscrew 
the nut 670 from the wheel spindle 32. This method is 
inefficient in that it requires the use of both hands to op- 
erate the tools and therefore, the LAG 1 0 must lie on the 
ground or a table or the like. 

[0071] With particular reference to Figures 37 through 
40, a first embodiment of a wheel spindle lock mecha- 
nism 680 is detailed. The wheel spindle lock mechanism 
680 is preferably retained by the gear case 18 and po- 
sitioned radially relative to the main gear 632. The wheel 
spindle lock mechanism 680 enables locking of the 
wheel spindle 32 by holding the main gear 632 from ro- 
tation. 

[0072] The wheel spindle lock mechanism 680 may 
include a shaft guide 682 retained in an opening 684 of 
the gear case 18. The shaft guide 682 may include an 
arcuate bottom face 686 and a top face 688 comprising 
-three surfaces that intersect to form a generally triangu- 
lar shape. The triangular top face 688 acts as a key to 
ensure that the wheel spindle lock mechanism 680 is 
property assembled into the opening 684; The shaft 
. r r guide 682 further includes a centrally disposed aperture 

- - - r 690,' through which a lock pin 692 is disposed. The lock 

pin 692 includes a shaft portion 694 (Figures 38, 40) ex- 
tending from a cap 696 and is preferably biased radially 
--^ rr- outward by a spring 698. The lock pin 692 is slidable 
within a groove 700 (Figure 38) of the gear case 1 8 for 
* ' ' - engaging the main gear 632. The spring 698 is posi- 

- - tioned between the shaft guide 682 and the cap 696 of 

V the lock pin 692. A rubber boot 702 preferably covers 
the lock pin 692 and spring 698, seating around the shaft 
" guide 682..The rubber boot 702 seals the wheel spindle 
lock mechanism 680 and gearset 30 from external dirt 
■ : and debris and prevents grease leakage. ^ 

[0073] A bottom face 704 of the main gear 632 may 
V 'v.^ include a':plurality of :ramp and. groove features 706 
•.' .I'^vj.'^ (shown Jn-phantom) for selective engagement- with the 
-.-'c:.-'^ • ^ 7 lock pin 692. Depending upon theTotational position of 
the main gear 632 relative to the lock pin 692, depres- 
-35.' • . ; sion of the lock pin 692 causes the end of the lock pin 
* r. '692 to engage either a ramp 708 or a groove 71 0 of the 
•:, .-i- main gear 632, If the lock pin 692 engages a ramp 708, 
the grinder wheel 34, and thus the wheel spindle 32 and 
main gear 632. are rotatable until the lock pin 692 en- 
gages a groove 710. As the grinder wheel 34 rotates, 
the lock pin 692 slides along a ramp 708 until engaging 



the groove 710. Once in engagement with the groove 
710, the lock pin 692 prohibits further rotation of the 
main gear 632, as long as the lock pin 692 remains de- 
pressed. Releasing the lock pin 692 releases the main 
5 gear 632 and thus, the main gear 632 is again freely 
rotatable. 

[0074] Referencing Figures 41 and 42, a keyless 
bladeclamp 720 will be described in detail. The keyless 
blade clamp 720 may include an inner clamp 722 that 
10 is rotatable about the wheel spindle 32. The inner clamp 
722 preferably includes a top surface-724 having.a pair -r 
of grooves 726 formed therein and a bearing surface 
728 generally formed as an integral" washen r Each *- 
groove 726 includes a bottom face 730 and upwardly 
15 extending side faces 732. A cross-pin 734 is also includ- 
ed and is disposed through and fixedly attached to the 
wheel spindle 32 whereby ends 736 of the cross-pin 734 
are received into the grooves 726. The inner clamp 722 
is capable of slight clockwise and counter-clockwise ro- 
20 tation about the wheel spindle 32, whereby the range of 
rotation is obstructed by the cross-pin ends 736 contact- 
ing the side faces 732 of the grooves 726. 
[0075] To assemble the grinder wheel 34 onto the 
wheel spindle 32, the wheel spindle 32 is initially re- 
25 ceived through a central aperture 738 of the inner clamp 
722 whereby the pin ends 736 seat within the grooves 
726. The grinder wheel 34 is then assembled onto the 
wheel spindle 32 whereby a top face 740 of the grinder 
wheel 34 lies adjacent to the bearing surface 728 of the 
• inner clamp 722. The nut 670, having a bearing surface 
742, is screwed onto a threaded end 744 of the wheel 
spindle 32 whereby the bearing surface 742 of the nut - 
670 lies adjacent to a bottom face 743 of the grinder - 
,wheel 34. Although the nut 670 may be sufficiently tight-. 

- ened, thus providing little to haplay ofthe grinder wheel 
34 between the bearing surfaces 728, 742 of the inner 
clamp 722 and nut 670, repetitive use of the LAG 10 
tends to loosen the nut 670,rthereby creating play be- - 
tween the bearing surfaces 728, 742-. . 
[0076] Activation of the LAG 10 causes the wheel 
spindle 32 to rotate in a first.direction of rotation. . In the _ 
rotational direction, the crossspin ends 736 contact one : 
of either side faces v732 of the'igrooves-5726 in the inner^ 
clamp 722. Because the sidef-faces 732. extend upward . U^^. 
at an angle, the interface between the cross-pin ends - : 
736 and the side faces 732 cause the inner clamp 722 _ . \ .. 

- to travel downward.^along the,wheel spindle 32 toward - 
:Jhe grinder wheeL34:-Thisis achievediby the side faces--H^ - \> ^ 

732 "riding along", orsliding against the cross-pin ends r^-.;-. .-r.r j-^-^. 
736: The downward travelinglinner'Clamp 722.pinches^.-- ;:-.-./^-vv 
the grinder wheel 34 between the bearing surfaces 728, 
742. In this manner, grinder wheel play is eliminated and " • 
the nut 670 is subjected to axial pressure thereby pro-, j 
hibiting the nut 670 -from becdrfiing looserduririg repeti- - 
55 tive use of the LAG 10. " 

[0077] With respect to Figures 43*through 46, an al- 
ternative embodiment of a keyless blade clamp 720' is 
provided. The alternative embodiment functions similar- 
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ly to the first embodiment, described above, for reducing 
grinder wheel play and prohibiting the nut 670 from loos- 
ening during repetitive use of the LAG. 
[0078] The keyless blade clamp 720' preferably in- 
cludes the wheel spindle 32 having a step 750 formed 
along its length. A bearing assembly 752 is also included 
and has an upper housing 754 that abuts the step 750 
of the wheel spindle 32 and is fixed for rotation with the 
wheel spindle 32. A tower housing 756 of the bearing 
assembly 752 abuts the top surface 740 of the grinder 
wheel 34, frictlonally interfacingthe top surface 740. Ther 
nut 670 is assembled onto the threaded end 744 of the 
wheel spindle 32. thereby securing the grinder wheel 34 
between the washer face 742 of the nut 670^=and the 
. bearing assembly 752. - 
[0079] The bearing assembly 752 preferably Includes 
the upper housing 754, a bearing disc 758 and the lower 
housing 756. The bearing disc 758 may include a wash- 
er shaped disc 760 holding a plurality of ball bearings 
762 therearound, whereby the ball bearings 762 are free 
to rotate. The bearing disc 758 is positioned between 
the upper and lower housings 754, 756. whereby the 
plurality of ball bearings 762 ride within grooves 764 of 
the upper and lower housings 754, 756. As best seen 
in Figures 45 and 46 each groove 764 of the upper and 
lower housings 754, 756 maintains a generally arcuate 
shape. 

[0080] As the wheel spindle 32 is caused to rotate via 
activation of the motor 26, the upper housing 754 rotates 
with the wheel spindle 32 whereby the plurality of ball 
bearings 762 roll along the arcuate grooves 764 of the 
upper housing 754. Thus, the plurality of ball bearings 
762 travel downward into the arcuate grooves 764 of the 
lower housing 756,-- rolling, along. the . arcuate grooves 
764 of the lowfir housing 756 and forcing the lower hous- 
ing 756 to rotate with the grinder wheel 34 vis-a-vis the 
frictional interface. In this manner, the upper and lower 

-housings 754, 756 separate from one another (see Fig- 
ure 46) reducing grinder. wheel play and prohibiting the . 
nut 670 f rom-becoming loose from the wheel spindle 32. 

. [0081] Figures 47 through 50 .detail firsthand second 
preferred ernbodiments of avspindle lock mechanism 

-780 that enables easy^removalof the grinder wheel 34 . 

:from the wheel spindle 32. Specif ically;.Figures-47 and 
48 show a lever 782 that is pivotally supported by the 
gear case 18. The lever 782 preferably includes a 

. cammed surface 7845that slidably-interfaces a' top sur- ' 
face 786'of aiock-piston 788. The-lock^pistonr788 may-- 

•^be-slidably disposed through an opening jgO in the gear T 
case.18 andicomprises a head 792 and a stem 7947 A - 
spring 796 is disposed about the stem 794 of the lock- 
piston 788.Mmmediately below.the head 792. and biases 
the lock-piston 788 upward; into contact with.:the 
cammed surface 784. ^ - < • - 
[0082] The wheel spindle 32 is shown .disposed 
through and fixed for rotation with the main gear 632. 
The main gear 632 preferably includes at least one lock- 
hole 800 disposed therethrough, and radially- aligned 



with the lock-piston 788. 

[0083] To lock the wheel spindle 32, thereby prohibit- 
ing rotational movement of the wheel spindle 32, the le- 
ver 782 is pivoted from an initial horizontal position, rel- 
5 ative to the gear case 1 8, to a generally vertical position. 
As the lever 782 pivots, the cammed surface 784 acts 
on the lock-piston 788, pushing the lock-piston 788 
downward against the biasing force of the spring 796. 
After sufficient displacement of the lock-piston 788. the 

10 stem 794 is received into the lock-hole 800. The stem 
794 prevents the main- gear 632 from rotation, further 
preventing the wheel spindle 32 from rotating. Pivoting 
. ~the lever 782 to its initial horizontal position enables up- 
ward displacement of the lock-piston 788 provided by 

15 the biasing force of the spring 796. With the stem 794 
disengaged from the lock-hole 800. the main gear 632, 
and thus the wheel spindle 32 are again free to rotate. 
[0084] Figures 49 and 50 detail a lever 810 that may 
be rotatably attached to the gear case 18 by a screw 

20 812. A bottom face 814 of the lever 810 preferably in- 
cludes a protruding detent 816 that is slidably disposed 
through an arcuate groove 81 8 within the gear case 1 8. 
The gear case 1 8 also includes an opening 81 9, through 
which a lock-piston 820 is slidably disposed. The lock- 

25 piston 820 includes a head 822 having an upwardly ex- 
tending detent 824 and a stem 826. A spring 828 is dis- 
posed about the stem 826 of the lock-piston 820, imme- 
diately below the head 822, and biases the lock-piston 
820 upward, into contact with the bottom face 81 4 of the 

30 lever 810. - — 

[0085] In a first position, the detent 824 of the lock- 
piston 820 is in contact with only the bottom face 81 4 of 
the lever 810. However, as the lever 810 rotates to a 
second position, the detent 816 of the. lever 810 slides 

35 within the arcuate groove 81 8, into contact with the de- 
tent 824 of the lock piston 820, thus pushing the lock 
piston 820 downward against the biasing force of the 
spring 828. Similariy as described above, with reference 

- to-Figure 48. the stem 826 of the lock-piston 820 is re- 
40 ceived into the lock-hole 800 for prohibiting rotational 

- motion of both the main gear 632 and the wheel spindle 
32, Rotation of the lever 81 0 to Its initial position brings 
the detent 816.of the lever 810 out of contact with the 

. . . detent 824.of the lock-piston. 820. thusenabling upward 
45 displacement of the lock-piston 820 by the spring 828. 
, In this manner, the lock-piston 820 is disengaged from 
.the main gear 632, whereby, the main gear •632. and- 
" -wheel spindle 32 are free to^rotate-. . • . - ^ v. /' ?'., 

- [0086] -An exemplary-embodiment of a^tool-less grinds 
50^ er wheel removal mechanism 850 is shown in Figures 

51 and 52. The tool-less grinder wheel removal mech- 
anism 850 preferably includes a lever 852, a piston 854,- 
. a series of spring washers 856, a first retainer 858 and 
- -a second retainer 860. The tool-less grinder wheel re-. 
55 moval mechanism 850 may be generally disposed with- . 
in a tubular wheel spindle 32'. The wheel spindle 32' may 
be disposed through and fixedly attached to the main 
• gear 632. The grinder wheel 34 may be clamped be- . 
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tween a clamping surface 862 of the wheel spindle 32* 
and a corresponding clamping surface 864 of the first 
retainer 858. In this manner, the grinder wheel 34 is en- 
gaged for rotation with the wheel spindle 32' as the main 
gear 632 drives the wheel spindle 32*. 
[0087] The lever 852 may be rotatably mounted to a 
top surface 866 of the gear case 18 and includes a 
cammed surface 868. The cammed surface 868 slidably 
interfaces a top face 870 of a pin 872 that upwardly ex- 
tends from an intermediate piston 874 slidably disposed 
within an opening 876 of the gear case 1 8, The interme- 
diate piston 874 includes a downwardly extending pin 
878 that contacts a top surface 880-of the piston 854r' 
The piston 854 is slidably disposed within a cavity 882 
of the wheel spindle 32' and is located between an upper 
stop ring 884 and the spring washers 856. The spring 
washers 856 bias the piston 854 upward within the cav- 
ity 882. 

[0088] The first retainer 858 is disposed through a 
central opening 886 in the grinder wheel 34 and includes 
a generally cylindrical opening 888 therethrough. A bot- 
tom surface 890 of the first retainer 858 includes a plu- 
rality of teeth 892. The second retainer 860 includes a 
threaded stem 894 extending from a disc 896. The disc 
896 Includes an upper surface 898 having a plurality of 
teeth 900 that selectively mesh with the teeth 892 of the 
first retainer 858. The threaded stem 894 of the second 
retainer 860 is received through the cylindrical opening 
888 of the first retainer 858 and upwards through the 
spring washers 856, for threaded engagement with a 
threaded cavity 902 of the piston 854. 
[0089] To remove the grinder wheel 34, the lever 852 
is pivoted from a horizontal position to a vertical position 
relative to the gear case 1 8. As the.lever 852 pjvots, thei 
cammed surface 868 interfaces with the pin 87-2 to slide - 
the intermediate piston 874 downward within the open- 
ing 876, which further slides the piston 854 downward, 
against the biasing force of the spring washers- 856. - 
Downward displacement of the piston 854.tra~nslates to 
'equivalent downward displacement of the-second re- 
tainer 860 relative to the first retainer 858,-wJnerein the 
teeth 892 of the first retainer 858 and;the.teeith'900of.. 
the second retainer 860 are removed from meshed en-^ 
gagement-with one another. The-second-retainer 860 
may thus be unscrewed from threaded engagement 
with the piston 854, thereby enabling removal of the 
grinder wheel 34*. -tv-^. .. , 

[0090] To assemble the grinder;.:wheel 34 td^he LAG. 
10, the threaded stem 894 of the second retainer 860 is 
'inserted through the cylindrical opening 888-6f.the-first 
retainer 858 and upwards through the wheel spindle 32*, 
into threaded engagement with the piston 854.^The'sec-. 
ond- retainer 860 is threaded to a sufficient depth into 
the piston 854 by gripping and rotating the disc 896-of 
the second retainer 860. Once sufficiently threaded, the 
lever 852 is pivoted from the vertical position back to the 
horizontal position. As the lever 852 pivots, the cammed 
surface 868 relieves downward force on the intermedi- 



ate piston 874, thus enabling upward travel of both the 
intermediate piston 874 and the piston 854 by the up- 
ward biasing force of the spring washers 856. As a re- 
sult, the piston 854 pulls upward on the second retainer 
s 860, through the first retainer 858, thereby meshing the 
teeth 892, 900 of the first and second retainers 858, 860. 
[0091 ] With reference to Figures 53 and 54, an alter- 
native embodiment of a tool-less grinder wheel removal 
mechanism 920 will be described in detail. The tool-less 
10 grinder wheel removal mechanism 920 preferably In- 
cludes a thumbwheel 922, a piston 924, a tension spring 
. 926 and a pulling retainer 928 and is disposed within a 

- ■ generally tubular^wheel spindle*32'. The wheel spindle 
32' is disposed through and fixedly attached to the main 

15 gear 632. The grinder wheel 34 is clamped between a 
clamping surface 930 of the wheel spindle 32' and a cor- 
responding clamping surface 932 of the pulling retainer 
928. In this manner, the grinder wheel 34 is engaged for 
rotation with the wheel spindle 32' as the main gear 632 
20 drives the wheel spindle 32'. 

[0092] The thumbwheel 922 includes a threaded ex- 
tension 934 for threaded engagement with a threaded 
opening 936 in the gear case 18 and a formed circum- 
ferential surface 938 for easy grip. An end 940 of the 
25 threaded extension 934 is rounded and contacts a top 
surface 942 of the piston 924. A stop ring 944 seats with- 
in a groove 946 of the threaded extension 934 for pro- 
hibiting disengagement of the thumbwheel 922 with the 
gear case 18. The piston 924 is slidably disposed within 
30 a cavity 948 of the wheel spindle 32' and Is positioned- 
between an upper stop ring 949 and the tension spring 
926. However, the piston 924 is prohibited from rotating 
relative to the wheel spindle 32' by a spline Interface 951 
- _ .with an. internal surface 953 of Jhe wheel spindle 32'. 
35 The tension spring 926 is disposed between a bottom 
surface 955 of the piston 924 and a lower stop ring 957, 
whereby the tension spring 926 biases the piston 924 
upward within the wheel spindle 32'. The pulling retainer 
928 Includes a threaded extension- 959 that is threada- 
40 bly engaged with a cavity 961 of the piston 924 and fur- 
. then includes.aJormed circumferential surface 963 for 

easy grip. . - 

h:, .. ",[0093] :< -To:.remove. the grinder- wheel 34, the thum-,. 

bwheel-922 is^rotated generally clockwise wherein the 
45 threaded extension' 934- travels downward within the 
threaded opening 936. As the threaded extension 934 
travels downward. theTjounded end 940 pushes the pis- 

- ..ton 924 dowRwafd; against the biasing force of the ten- . 
.'y sion-spring:926. Subsequently, the pulling retainer 928 
50 V travels downward ^relative to the wheel spindle 32' thus 

relieving clamping pressure between the clamping sur- 
-j- faces.930, 932. of :the wheel spindle 32' and the pulling 
- . retainer 928; With the clamping pressure relieved, the 
pulling retainer 928 is rotatable.for disengagement from. 
55 the piston 924, and thus, the grinder wheel 34 may be 
. removed from the LAG10. 
[0094] To assemble the grinder wheel 34 to the LAG 
10, the pulling retainer 928 is inserted through the cen- 



14 



27 



EP1 327 497 A2 



tral opening 886 of the grinder wheel 34 and is threaded 
into the cavity 961 of the piston 924. Once the pulling 
retainer 928 is sufficiently threaded within the cavity 
961 . the thumbwheel 922 is rotated in a generally coun- 
ter-clockwise direction. As the thumbwheel 922 rotates, 
the threaded extension 934 travels upward within the 
opening 936. thus relieving downward force on the pis- 
ton 924. The tension spring 926 biases the piston 924 
upward further carrying the pulling retainer 928 upward, 
again providing a clamping force between the wheel 
- spindle 32' and the pulling retainer 928. The upward bias 
.of the tension spring 926 provides tensile engagement 
between the pulling retainer 928 and the piston 924, 
thus prohibiting the pulling retainer 928 from inadvertent 
disengagement with the piston 924. 
[0095] With reference to Figures 55-57, a second al- 
ternative embodiment of a tool-less grinder wheel re- 
moval mechanism 950 will be described in detail. The 
tool-less grinder wheel removal mechanism 950 prefer- 
ably includes a thumbwheel 952, a piston 954, a retainer 
plate 956, a tension spring 958 and a pulling retainer 
960. The piston 954 retains the plate 956 and the ten- 
sion spring 958 are disposed within the generally tubular 
wheel spindle 32'. The wheel spindle 32' is disposed 
through and fixedly attached to the main gear 632. The 
grinder wheel 34 is clamped between a clamping sur- 
face 962 of the wheel spindle 32' and a corresponding 
clamping surface 964 of the pulling retainer 960. In this 
manner, the grinder wheel 34 is engaged for rotation 
with the wheel spindle 32' as the main gear 632 drives 
the wheel spindle 32'. 

[0096] The thumbwheel 952 may be rotatably mount- 
ed to a top surface 966 of the gear case 1 8 and includes 
a formed circumferential surface 968, for easy.grip, and 
a cammed bottom surface 970. The thumbwheel 952 is 
rotatable about an axis that is generally offset from and 
parallel to the axis of rotation of the wheel spindle 32'. 
The cammed bottom surface 970 of the thumbwheel 
.952 slidably interfaces a rounded end 972-of a pln-974 . 
that is slidable within an opening 976 of the gear case 
18.- An opposing end 977 of the pin 974 is rounded and 
.^contacts a top surface 978 of the piston 954. A stop ring . 
980 seats within a groove 982 of the pin 974 for prohib- 
. iting removal of the pin*974-from the gear case 18. 
[0097] The piston 954 Is slidably disposed within a 
.cavity 984 of the wheel spindle 32' and is positioned im- 
'mediately above the i-etainer plate 956.* The retainer 
plate 956 is prohibited from rotating relative to the.wheel 
:spindle.32' bya spline interface 986 with an internal sur- 
'•^face* 988- of 'the wheel spindle 32'. The tension spring- 
958 may be disposed between a bottom surface 990 of 
the retainer plate 956 and a lower stop ring 992, thereby 
biasing both the piston 954 and the.retainer plate 956 

upward. - - 

[0098] The pulling retainer 960 is selectively engage- 
able with the retainer plate 956 and includes an exten- 
sion 994 having lock pins 996. As best seen in Figure 
57, the extension 994 is receivable through a centrally 



disposed opening 998 of the retainer plate 956 that In- 
cludes slots 1000. The lock pins 996 align with the slots 
1000 enabling the extension 994 to pass through the 
opening 998. Once through, the pulling retainer 960 is 
5 rotatable relative to the retainer plate 956 wherein the 
lock pins 996 are out of alignment with the slots 1000 
and the extension 994 is prohibited from disengagement 
with the retainer plate 956. 

[0099] To remove the grinder wheel 34 from the LAG 
^0 1 0, the thumbwheel 952 is rotated wherein the cammed 
bottom surface 970 acts on the pin.974. pushing the pin 
974 downward within the opening 976. As the pin 974 
travels downward, the rounded end 972 pushes the pis- 
ton 954 downward against the biasing force of the ten- 
15 sion spring 958. Subsequently, the pulling retainer 960 
travels downward relative to the wheel spindle 32' thus 
relieving clamping pressure between the clamping sur- 
faces 962. 964 of the wheel spindle 32' and the pulling 
retainer 960. With the clamping pressure relieved, the 
20 pulling retainer 960 is rotatable for aligning the lock pins 
996 of the extension 994 with the slots 1000 of the re- 
tainer plate 956. Thus, the pulling retainer 960 Is disen- 
gagable from the retainer plate 956 and the grinder 
wheel 34 is removable from the LAG 10. 
[0100] To assemble the grinder wheel 34 to the LAG 
10, the pulling retainer 960 is inserted through the cen- 
tral opening 886 of the grinder wheel„34 and is posi- 
tioned such that the lock pins 996 align with the slots 
1000. Once the extension 994 of pulling retainer 960 is 
sufficiently through the opening 998, the pulling retainer 
960 is rotatable wherein the lock pins 996 and slots 1000 
are out of alignment. The thumbwheel 952 is again ro- 
tated and the biasing force of the tension spring 958 ul- - 
timately pushesthe pin 974 upward against the cammed 
surface 970. t^s the -thumbwheel 952 rotates, the 
cammed surface 970 enables upward travel of the pin 
974 within the opening 976. The upward biasing of the 
tension spring.:958 pushes the retainer plate 956 up- 
wardiihus pulling.the pulling retainer 960 upward, again 
providing a clamping force between, the wheel spindle 
. 32! and the pulling retainer. 960.. The upward bias.ofJhe 
tension'~sprin^58 .'provides tensile engagement be-. 
~ tween the pulling retainerv:960 and the retainer plate 956, 
thus prohibitingsthe pulling retainer 960 from inadvertent 
disengagement with the retainer plate 956. v 
[0101] With reference.to Figures 40 and 58, a double- 
wall gear case tOilO wilj:i)e describedin detajL Thedou- 
blerwalk gear, case 1010 preferably- includes first and 
second ■ gear: case- portions- 1 01 OarM 01 0b.n:First .gea^. 
case portion^^l.MOa includes a.gearHwellTl012i.defined' 
by an inner wall 1014 and a circumferential wall 1015 
formed within the firstigear-case.portioh '1010a. Ah air- 
flow cavity 101.6 may also be included tWithin the first 
gear case 1010a and is defined by an upper wall 1018 
and an outer wall 1020 of the gear case portion 1010a. 
The outer wall 1020 of the first gear case portion. 1 01 Oa 
includes a plurality of baffled openings 1 022. The airflow 
cavity 1016 is in fluid communication via an opening 
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1 024 with the fan 552, described in detail above, where- 
by air driven by the fan 552 flows through the air flow 
cavity 1016 and out the plurality of baffled openings 
1 022. The driven air vents through the plurality of baffled 
openings 1022, thus cooling the gear case 1010. 
[0102] As the LAG 10 operates, increased heat and 
pressure forces grease out any available openings of 
the gear case 1010. To compensate for this, traditional 
gear wells are large in profile for providing a large ex- 
pansion chamber. The large profile gear wells, although 
' inhibiting forced grease flow out of the gear case 18, 
increase the size of the LAG 10. The gear well 1012 of 
the double wall gear case 1t)1 0 is generally lower in pro- 
file than traditional wells and theT-efore provides a lower 
volume expansion chamber. To account for increased 
pressure within the gear well, an air bleed system Is pro- 
vided. 

[0103] Again referencing Figure 40, a first exemplary 
embodiment of an air bleed system 1 030 is detailed. The 
air bleed system 1030 includes a bleed hole 1032 
formed In the outer wall 1020 of the double-wall gear 
case 1010. The bleed hole 1 032 is disposed immediate- 
ly above a cavity 1 034 that retains the wheel spindle 32 
and a wheel spindle bushing (not shown), and is gener- 
' ally conical in shape, tapering upwards until apexing at 
the bleed hole 1032. Developing pressure within the 
gear well 1012 is relieved as pressurized air seeps 
through the wheel spindle 32 and wheel spindle bushing 
interface (not shown) and out the bleed hole 1 032. The 
' conical shape of the bleed hole 1032 is designed to in- 
hibit outward pressurized grease flow. The location of 
' the bleed hole also reduces the risk of gears flinging 
- - grease into the opening, blocking air exhaust. Centrifu- 
" ~gal forces tend to keep grease away from the exhaust . 

- ^port when the port is located on the spindle bearing hub. 

[0104] With reference to Figure 59, a second exem- 
-plary embodiment of an air bleed system 1040 is de- 
^ tailed. The air bleed system 1040 includes a channel 
^1042 formed along a length^of a wheel spindle cavity 
.-?<^1044. A bleed hole 1046 is also' included, which exits 
— -back into an upper chamber-4-048 of the double-wall 
-.-^gean case 1 01 0.-A porous material. 1 050 seats within an 
^!kipper portion of the cavity^1044 between the channel- 
^-^042 and the bleed hole 1046>The.porous material ih- 
""^hibits grease from exiting the bleed hole 1046 while en- 
abling outward flow of pressurized air. 
- ---{01 05] As discussed above, the^^air- bleed system - 
'^.1030ri040 enables pressure 'release from within the 
::~'5^:gear well-".1012, thus reducing-^the-chance- of outward** 
fc^-feforced grease flow. In this mannerra-smaller well profile : 

is achievable. As a result of the smaller profile, grease 
fr-'-^is-maintained in-closer proximity. to the internalxompo- 
-nents of the gearbox thus extending gear component 

- ' life arid reducing heat build up. AlsOi a smaller gearcase 

is'achievable enabling the design of smaller tools, re- 
ducing both material cost and weight. Further, the air 
cavity provides improved cooling of the gearbox, thus 

- improving the operational life of the SAG 10. 



[0106] Again referencing Figure 1 the gear case 18 
may further include a wheel guard mount 1060 extend- 
ing downward and through which, the wheel spindle 32 
is disposed. A wheel guard 1100 Is attachable to the 
5 wheel guard mount 1 060 for protecting an operator from 
the spinning grinder wheel 34. The wheel guard 1100 
generally includes a wheel shield 1102 and an upward 
extending, circular flange 1 1 04 having a gap 1 1 06 there- 
through. The wheel guard mount 1060 is received into 

10 the wheel guard flange 1104 for clamping the wheel 
guard 1100 to the gear case 18. The wheel guard 1100 
covers an arcural portion of the grinder wheel 34 and is 
adjustable about the grinder wheel' 34. Additionally, 
grinder wheel 34 sizes may vary and therefore each size 

15 requires a corresponding wheel guard 1100. 

[0107] Figures 60 and 61 detail an exemplary embod- 
iment of a quick-release mechanism 1120 for a wheel 
guard 1 1 00. The quick-release mechanism 1 1 20 prefer- 
ably includes an open clamping ring 1122 having a 

20 Straight wall 1 1 24 formed at a first end and a curved sec- 
ond end 1 1 28. A link 1 1 30 is included for selectively link- 
ing the first end 1124 of the clamping ring 1122 to the 
cun/ed second end 1128. The link 1130 may include a 
lever 1132 pivotally attached at an intermediate point 

25 1 1 34 to a first end of an intermediate link 1 1 38. A second 
end of the intermediate link 1138 is pivotally connected 
to the. end of a bolt 1142 that is disposed through the 
straight wall 1124 of the clamping ring 1122. A first end 
of the lever 1 1 32 includes a roller 1 1 46. 

30 [0108] As best seen in Figure 61, the wheel guard 
mount 1060 of the gear case IB Is received Into the 
clamping ring 1 1 22. The roller 1 1 46 is positioned to rest 
in the cun/ed second end 1 1 28 of the clamping ring -1 122 
with the lever 11 32 positioned generally perpendicular:. 

35 to the clamping ring 11 22. To tighten the clamping ring - 
1 1 22 about the wheel guard mount 1 060, the lever 1 1 32 
is depressed towards the clamping ring 1122 until it 
curves with, or is substantially parallel to the clamping 
^ ring 1122, thus tightening the clamping ring.1122-onto . 

40 the wheel guard mount 1060. In this manner, the?wheel: 
guard 1100 may quickly and easily be . replaced jor.adr. . 
justed. • z - ... 

[0109] An alternative embodiment :;of the .qtiick-re-: 
lease mechanism,. designated as-:U20',-is.detatted1n • 

45 Figures 62 and 63. The quick-release mechanism-1 1 20' - 
" includes an open clamping ring 1150 having -mounting \ 
- features 1152, 1154 formed at eithen-end. A-first end.. 
•1152 of the clamping- ring 11 50 preferably tinclodes a'ir 
threaded screw 1158 extending therefrom; iThe\SGrew^j 

50 1158 threads into a threaded pivot 1160 that.is:.retained;v 
between a pair of intermediate links 1 1 62, 1 1 64, The in- 
termediate links 1162, 1164, are pivotally. attached to. a^ 
-lever- 11 74 along an intermediate length of the lever 
1 1 74. An end 1 1 76 of the lever 1 1 74 is pivotally attached:- • 

55 to the mounting feature 1154. " 
[0110] An "M" shaped bracket 1180 is welded to the 
clamping ring 1150 on an opposite side as the lever 
1174. The "M" shaped bracket 1180 includes a curved 
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bracket portion 1 1 82 with outward extending arms 1 1 84, 
1186 disposed on either end. The ends of the outward 
extending arms 1 1 84, 1 1 86 contact an alignment feature 
1188 extending downward from the gear case 18. The 
contact between the arms 1 1 84, 1 1 86 of the "M" shaped 
bracket 1180 and the alignment feature 1188 ensures 
that the quick-release mechanism 1120* remains in a 
constant position, relative to the gear case 18, as the 
wheel guard 1100 rotates for adjustment. It is also an- 
ticipated that the length of the extending arms 1184, 
1186 of the "M" shaped bracket 1180 can be used as a 
key to ensure that proper sized wheel guards 1100 are 
used with their corresponding angle grinders, - - - 
[Oil 1] The circular flange 1 1 04 may further Include an - 
inwardly extending tab 1 1 90 that rides in a groove 1192 
(Figure 1) formed around the wheel guard mount 1060. 
The tab 1190 and groove 1192 interface retains the 
wheel guard 1100 on the wheel guard mount 1060 as 
the wheel guard 1 1 00 rotates thereabout for adjustment. 
[0112] To tighten the clamping ring 1150 about the 
wheel guard mount 1060, the lever 1174 is depressed 
towards the clamping ring 1 1 50 until it curves with, or is 
substantially parallel thereto. This causes the clamping 
ring 1150 to constrict, further constricting the circular 
flange 1104. The gap 1106 in the circular flange 1104- 
enables constricting motion of the circular flange 1104. 
In this manner, the wheel guard 1100 may quickly and. 
easily be replaced or adjusted. 
[01 1 3] With particular reference to Figures 64 and 65, 
a second alternative embodiment of an adjustable and 
removable wheel guard is designated as 1100". The 
wheel guard 1 1 00' includes a flange 1 200, around which 
a compliant ring 1202 may be disposed. The compliant 
-ring .1202 is an open ring having first and second ends . 
1204, 1206, respectively, forming first-and second radi- 
ally extending walls 1208, 1210, respectively. The first 
and second walls 1208, 1210 each include an aperture 
.1212, 1214, respectively. - 
[0114] The wheel guard mount-l 060 of the gear case 
18 includes a ratch'et surface^121 6 formed. around its 
circumference,. Additionally, ..a-groove -1218 is formed, 
around the circumference^ofrtthe wheel guard. mount 
1060 adjacent to the^ratchetsurface 121j6. The wheel ^ 
guard mount 1 060 is received tlrough-the compliant ring 
1202 which is tightened thereabout by a bolt 1220 in- 
serted through the apertures 1212, 1214 of the first and. 
second walls 1208, 121 0. A spring ,1222^ls also Included- 
•and is disposed about the-bolt'^220r. between. the firsts- 
wain 208 and a bolt^head 1224rThe.bolt 1220 is tight. : 
enable by way of threaded engagement with a nut-1 226; - 
As the bolt 1220 is tightened, the compliant ring 1202 is 
subsequently tightened about- the- wheel' guard,mount' • 
1060. The spring 1222 provides slight relief of the tight- - 
ening force of the compliant ririg^1 202: • - « - - 
[0115] An. adjustment clip .1228 may be disposed 
around an external circumference of the compliant ring 
1202. The adjustment clip 1228 includes an upward 
curving first end 1230, a tab .1232 extending radially in- 



ward, centrally disposed first and second clip arms 
1234, 1236 and a ratchet tab 1238 formed at a second 
end 1240. The clip amis 1234, 1236 are received into 
first and second hooks 1242, 1244 of the compliant ring 
5 1202, thereby holding the adjustment clip 1228 against 
the external circumference of the compliant ring 1202. 

- The tab 1232 is received through an aperture 1246 in 
the compliant ring 1202 and seats within the groove 
1218 of the wheel guard mount 1060. The tab 1232 and 

^0 groove 1248 interface prevents the wheel guard 1100' 
•r . from being-pulled off of the wheel guard mount 1060.- 
The ratchet tab 1 238 is similariy received through an ap- 
: erture 1250 In the compliant ring 1202 and interfaces 
with the ratchet surface 1 21 6 of the wheel guard mount 
15 1060, In this manner, the wheel guard 1100* is able to 
adjust rotationally relative to the wheel guard mount 
1 060, in a single rotational direction. The tightened com- 
pliant ring 1202 enables deliberate adjustment of the 
wheel guard, given sufficient exerted force. Thus, the 
20 wheel guard 1100* is both removable and adjustable 
without requiring auxiliary tools. 
[01 1 6] Referencing Figures 66-68, a third alternative 
embodiment of an adjustable and removable wheel 
guard 1100" is shown. The wheel guard 1100" includes 
25 a flange 1268, around which a spring ring 1270 is dis- 
posed. The spring ring 1270 is preferably fixedly at- 
_ tached to the flange 1268 of the wheel, guard 1100" and 
is sprung around the wheel guard mount 1060 of the 
gear case 18. The wheel guard mount 1060 includes a 
30 groove 1192 (Figure 68) formed about an external cir- 
cumference and a relief notch 1274. A tab 1276 of the 

- spring ring 1270 is slidably disposed within the groove 
1 1 92, The tab-1 276 and groove 1 1 92 interface prohibits 

. - ,the:wheel guard 1100" from being pulled from the wheel 
35 guard mount 1060. A semi-circular rubber sleeve 1278. 
is also provided, through which the spring ring 1270 is 
disposed. The biasing force of the spring ring 1270, in 
concert with the frictional force provided between the 
: - rubber sleeve 1278-and the wheel guard mount 1060 
^0 : secures the wheel guard 1100" In a fixed position rela- 
- ..„tive to.the gear case 18, - . 

..^[01:17].-:_Rotational adjustment of the wheel guard . 

* . 11 OO^Trelative to the gear.case 18 is provided by a lever 
-^^mechanism 1 280. The lever mechanism 1 280Jncludes - 

45 a lever arm 1282 pivotally attached to the wheel guard 
,1100". The lever arm 1282 includes a first end 1284 de- ' 
• - fining a cam surface 1 286 and is biased in a closed po- 
sition by a coil spring 1288.-^ln the closed position, the . 
v . T^-cam surface 1286ris out of contact with a curved end - 
50. 290tof the spring-ring 1 270: The lever arm 1 282, is piv- . 
otable against the biasing force of the spring 1288, to- 

• -"^^ wards an open position. As the lever arm 1282 pivots 
' toward.the open position, the cam surface 1 286 slidably 

engages the curved end 1290 of the spring ring 1270, 
55 pushing the. spring ring 1270 open, thus relieving pres- 
\ sure around the wheel guard mount 1 060. With the pres- 
sure about the wheel guard mount 1060 relieved, the 
wheel guard 1100" is rotationally. adjustable therea- 
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round. 

[0118] To remove the wheel guard 11 00" from the 
wheel guard mount 1 060, the lever arm 1 282 is actuated 
to the open position, and the wheel guard 1100" is ro- 
tated until the tab 1 276 aligns with the relief notch 1 274. 5 
This is best shown in Figure 68. Once aligned, the wheel 
guard 1100' can be pulled free from engagement with 
the wheel guard mount 1060 as the tab 1276 is disen- 
gaged from the groove 1192 through the relief notch 
1 274. In this manner, the wheel guard 1 1 00" is both re- io 
movable and adjustable without requiring any auxiliary 
tools. 

[01 1 9] Yet another alternative embodiment of an ad- 
justable wheel guard 1 1 00"' is detailed in Figures 69 and 
70. The wheel guard 1 1 00"' is rotatably disposed about is 
the wheel guard mount 1060 and includes an upward Claims 
extending locator pin 1300. The locator pin 1300 may 
be selectively receivable into one of a plurality of holes 
1302 formed in a semi-circular pattern on a bottom face 
1 304 of the gear case 1 8 (best shown in Figure 70). The 20 
wheel guard 1100"' also includes an upward extending 
blocking tab 1 306 that interfaces with one of either two 
formed structures 1308, 1310 of the gear case 18 for 
limiting the range of rotation of the wheel guard 1100"* 
" about the wheel guard mount 1 060. The formed struc- 25 
tures 1 308, 1 31 0 are disposed on either end of the semi- 
circular hole pattern.. 

[0120] The wheel guard 1100"' is retained on the 
wheel guard mount 1060 by a spring pack 1312 and a 
retention nut 1314. The retention nut 1314 is screwed 30 
onto an intermediate threaded portion 131 6 of the wheel 
spindle 32, whereby the spring pack 1312 and wheel 
guard 1 1 00"' are disposed and retained between the re- 
tention nut 1314 and the wheel guard mount 1060. The . 
spring pack 1312 biases the wheeil guard 1100"' up 35 
against the wheel guard mount 1 060, biasing the locator 
pin 1300 into engagement with one of the plurality of 
holes 1 302. The spring pack 1 31 2 includes first and sec- 
ond washers 1318, 1320 having" a spring washer set ... 
1322 disposed therebetween. The first washer 1318 
seats against an inside face 1324 of the wheel guard 
1 1 00"' and the second washer 1 320 is grounded against 
the retention nut 1314. 

[0121] To rotationally adjust the wheel guard -1100" 
about the wheel guard mount 1060, force is applied to 
the wheel guard 1100"', axlally in the direction of the 
wheel spindle axis. In this manner, the wheel.guard - 
1100"' is depressed against the*bias force of the spring*:.- - 
pack 1312, disengaging the locator pin 1300 from the 
hole 1302, whereby the wheel guard 1100"' is rotation-. 5a.,^^^-x^; 
ally adjustable about the wheel guard mount 1060. To 
lock the wheel guard 1 1 00"' in a desired position, down- .4-?; v 
ward force is relieved from the wheel guard 1100"' and ^ 4 

the spring pack 1312 again biases the locate pin 1300 - 
into engagement with one of the plurality of holes 1 302. 55 : 
[0122] An exemplary embodiment of the LAG 10, as 
shown in Figure 1, includes a bumper 1350 located on 
a top face 1 352 of the housing 1 2. The bumper 1 350 is . . 



shown attached to the gear case 18, however, it is an- 
ticipated that the bumper 1350 may be positioned any- 
where along the housing 12, as desired. The bumper 
1350 is preferably made from rubber, plastic or other 
material that is lightweight and elastic. The bumper 1 350 
provides a support structure to lie the LAG 10 against 
when not In use and easily pick-up the LAG 10 for use. 
[0123] The description of the invention is merely ex- 
emplary in nature and, thus, variations that do not depart 
from the gist of the invention are Intended to be within 
the scope of. the invention. Such variations are not to be 
regarded as a.departure from the spirit and scope of the 
Invention. - : - . . 



1. A gear case for a power tool, comprising: 

a housing portion including an inner wall and 
an outer wall, said inner wall defining a gear 
well portion adapted for receiving a drive gear 
and a driven gear therein, said inner and outer 
walls defining an air flow cavity therebetween; 
a wheel spindle cavity disposed in said inner 
wall on an opposite side from said air flow cav- 
ity, said wheel spindle .cavity being adapted to 
receive a spindle of the driven gear therein; and 
an air bleed hole disposed in said inner wall 
- - connected between said wheel spindle cavity 
and said air flow cavity. 

2. -The gear case according to claim I7 further com- 
-prising .a porous, material disposed over said air 

~- bleed hole. . . : . 



3.- The gear case according to claim 1 , further com- 
- : prising a plurality of baffled openings disposed on 
. . said outer wall in fluid comnriupication with said air 
40 'flow cavity. ; . . - . 

.^uv,4;:f>The.gear;case according to. claim 1, -wherein. said 
. ^-i- .air bleed hole is/substantially conical in shape with 
. ..-..-^^a narrow end. thereof •opening:into^said air flow cav- 
45 -"— ity and a wide end thereof opening into said wheel 
spindle cavity. . . . . 

- - . . 5X--*A. gear case Jor atpower tool.'comprising:'^ - 



r^ra housing including a vyall portion defining^-a 
gear well adapted for receiving a drive gear and 
-.-sa driven gear therein; . •■ - 

. a wheel spindle cavity disposed in an interior. 
: r-side of said wall portion, said wheel spindle cav- 
ity being adapted to receive a spindle of the 
driven gear therein; and 
an air bleed hole disposed in said wall portion 
. connected between said wheel spindle cavity 
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and an outer surface of said wall portion. 

6. The gear case according to claim 5, further com- 
prising a porous material disposed in said wheel 
spindle cavity over said air bleed hole. 

. 7. The gear case according to claim 5. wherein said 
air bleed hole is substantially conical in shape with 
a wide end thereof opening into said wheel spindle 
cavity. 

8. A power tool comprising: 

a housing having a motor; 
a handle rotatingly coupled to said housing, 
said handle having a trigger engagable by a us- 
er for activating said motor; and 
a lock disposed within said handle and having 
a first position and a second position, said lock 
preventing rotation of said handle relative to 
said housing when said lock is in said first po- 
sition, and said lock preventing activation of 
said motor by said trigger when said lock is in 
said second position. 

9. The power tool of claim 8, wherein said housing in- 
cludes ajirst plurality of grooves and said handle 
includes a second plurality of grooves, said first 
grooves of said housing meshed with said second 
grooves of said handle to allow rotation of said han- 
dle relative to said housing. 

10. -The power tool of claim 9; wherein said first grooves 
— and said second grooves include felt strips for seal- 
ing said handle to said housing. 

11. The power tool of claim 8, wherein said lock in- 
cludes a lever portion extending from said handle, 
said lever portion engagable by a user to move said 

' Jock between said first position and said second po- 
sition. ... . .. 

.12.^The power tool of- claim 8, wherein said lock is bi- 
ased in said first.position byja spring"! ^ 

13. The power tool of claim 8, wherein said lock in- 
: dudes a first face and a second face*; said first face 

, positionable within a detent formed in. said housing 
to preventTotation of said handle when said lock is 

•-: .>^ in.said-first:position, and.said second.face engaga- 
ble with a surface of said trigger to prevent move- 
. ment of said trigger when said lock is in said second 

•f * position. 

14. A trigger assembly for a power tool having a motor 
disposed within a housing, the trigger assembly 
comprising: 



a switch disposed within the housing for acti- 
vating the motor; 

a trigger extending from the housing and enga- 
gable by a user, said trigger having a first arm 
5 and a second arm and said trigger moveable 

between a first position and a second position; 
a lock engagable with said second arm of said 
trigger; and 

said first arm in contact with said switch to ac- 
10 tivate said motor and said second anm engaga- 

ble by said lock when said trigger is in said first 
position, and said first arm removed from said 
switch and said second arm not engagable by 
said lock when said trigger is in said second po- 
15 sition. 

15. Thetriggerassembly of claim 14, wherein said lock 
extends from the housing and is engagable by a us- 
er to slidingly pin said second arm to the housing 
when said trigger is in said first position, thereby fix- 
ing said trigger in said first position and fixing said 
first arm in contact with said switch. 

The trigger assembly of claim 14, wherein said trig- 
ger is disposed away from the housing when said 
trigger is in said first position, and said trigger is dis- 
posed flush to the housing when said trigger is in . 
said second position. 

1 7. The trigger assembly of claim 1 6, wherein said trig- 
ger includes a paddle moveable between an ex- 
tended position and a recessed position, said pad- 
dle extending from said trigger to the housing when : 

. .. said trigger is in said second:ppsition,and said padr,- 
. ^dle is in said extended position such;that said trigger 
'is prohibited from moving from said second position 
to said first position, and said paddle disposed with- 
* in a recess of said trigger when said paddle is In 
' said recessed position suchJhat said trigger is free 
to move between said first position and said second 
position. . / 

18. The trigger assembly of clairnilTrwherejn said pad-, 
die fits within a groove of therhousing when in said 
extended position. 

s 1 9.vThe trigger assembly of claim47, wherein said pad=^ 
" ^. -die iS: biased by ''a:spring'to said recessed position:-^ 

20. A switch carrier mounting.rsysjtem for a power;tool. 
comprising: 

a switch housing including a switch^ disposed 
within said switch housing and ^having a carrier - 
extending from said switch housing, said carrier . 
having an upper wall and. a pair of side walls 
extending therefrom, said upper wall having an 
opening and a first tab in proximity to said open- 
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ing: 

a hub including a second tab having a lip; and 
said hub reteasably mounted to said switch 
housing such that said second tab fits through 
said opening such that said lip of said second 5 
tab engages said first tab to form an interfer- 
ence fit between said first tab and said second 
tab. 

21. The switch carrier mounting system of claim 20. io 
- wherein said hub is removed from said carrier by 

biasing said second tab away from said first tab . 
such that said lip Is no longer in engagement with 
said first tab and then sliding said hub away^from 
. said carrier. ,15 

22. The switch carrier mounting system of claim 20, 
wherein said first tab includes a recess that receives 
said lip of said second tab when said hub is en- 
gaged with said carrier 20 

23. The switch carrier mounting system of claim 20, 
wherein said pair of side walls of said carrier each 
have a formed recess running therealong and said 
hub further includes a pair of rails that fifwithin said 25 
formed recesses of said carrier; 

wherein said pair of rails each have a sloped 
front face. 

24. The switch carrier mounting system of claim 20, 30 
wherein said lip of said second tab has a sloped 
face for facilitating fit of said second tab through 
said opening. 

25f The switchrcarrier mounting system of. claim 20, 35 
wherein said hub houses a portion of a motor. 

26. A power tool comprising: - . . 

' a motor^^disposed. within a housing;' . 40 
. a gearxase connected to said .housing;^ 
a maimgear disposed within said gear case and 

' drivehiby^said motor, rsaid^main gear having a. 

pi urality^of grooves and ramps formed-on. its - 
side; • 45 
a wheel spindle extending from said gear.case 
* - and'driven by said main gear;-and - - v^-^- ■ 

' V. ' a Jock 'mechanism disposed within-said-gear - v - 
' '""^ case and engagable with said main gear.v said w ~ 
• c lock mechanism having^a portion^extending out so - 
from said gear case engagable by a user for 
moving said lock mechanism w between a-Jirst 
. position.and a second position; ' 

wherein said lock mechanism fits within one ' ss 
of said plurality of grooves of said main gear to pre- ' 
vent rotation of said main gear when said lock 
- mechanism is in said first position, and said lock 



mechanism is disengaged with said main gear 
when said lock mechanism is in said second posi- 
tion. 

27. The power tool of claim 26, wherein said lock mech- 
anism slides within a groove formed in said gear 
case when said lock mechanism is moved between 
said first position and said second position. 

28. The power tool of claim 26, wherein said lock mech- 
anism includes a rubber boot surrounding said por- 
tion of said lock mechanism extending from said 

- gear case. 

29. The power tool of claim 26, wherein said lock mech- 
anism is biased to said second position by a spring. 

30. The power tool of claim 26, wherein said lock mech- 
anism includes a generally triangular key section for 
assuring proper assembly of said power tool. 

31. The power tool of claim 26, wherein moving said 
lock mechanism from said second position to said 
first position forces said main gear to rotate until 
said lock mechanism fits within one of said plurality 
of grooves. 

32. The power tool of claim 31 , wherein said plurality of 
ramps aids said main gear to rotate when said lock 
mechanism is moved from said second position to 
said first position. 

33. A power tool comprising: 

• a rotatable spindle wheel having a threaded- 
end; 

a clamp having a central aperture that receives 
said threaded end of said spindle wheel, said 
— : - clamp including a top surface and a bottom sur^ , 
face, said top surface having a pair of grooves 
formed therein opposite one another, said 
grooves having sloped sidejaces; 
-. . : a-power-tool component having an aperture- 
. : . ^ . . that receives said threaded end of said .spindle . 
wheel, said power tool component disposed 
flush against said bottom surface of said clamp; 

- '1- a nut threaded on said" threaded end of said- 

- spindle wheel forpressing said power tool coro-i: 
ponent against said clamp; and 

- , >.- ~a" pin .extending through said spindle wheeh 

such that the ends of said pin are seated within 
- ' said pair of grooves of said clamp; 

wherein rotation of said spindle wheel relative . 
to said clamp forces said pin to roll up said sloped 
side faces of said pair of grooves thereby forcing 
said clamp towards said power tool component to 
clamp said power tool component between said 
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clamp and said nut. 

34. The power toot of claim 33. wherein said power tool 
component is a grinder wheel. 
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